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The slender-eared, wide-kernelled flint corns of New York State and New 
England were for centuries (see Table II1) the commonest type of maize in eastern 
North America. As dent varieties pushed northward and as earlier and earlier 
varieties of dents have been developed, these wide-seeded flints have been restrictéd 
to an ever-narrowing fringe along the northern edge of maize cultivation. Today 
they are of secondary economic importance but their role in the production of 
the very varieties which supplanted them makes their study imperative to the 
modern corn-breeder. In addition to their intrinsic interest as a well-marked and 
formerly widespread type of Zea Mays, their close identification with the Indians 
of the eastern United States renders their history and relationships of compelling 
interest to the American archaeologist. 

During 1944-46 a collection of these northern flint varieties was brought to- 
gether and grown in the experimental plots of the Pioneer Hi-Bred Corn Company, 
at Johnston, Iowa. We are especially indebted to Dr. R. G. Wiggans of Cornell 
University for suggesting sources of seed for a number of eastern varieties. 

Tables I and II list the varieties by name, in so far as this was known, and 
their places of origin. A photographic record was made of one plant of each col- 
lection, and herbarium specimens were prepared of two or more tassels (male 
inflorescence). Internode diagrams (Anderson and Schregardus, ’44) were made 
of representative plants, and the following record was made of the tassels: tassel 
branch number, condensation index (Anderson, °44), number of tertiary branches, 
presence of whorling in the central spike, and number of paired spikelets per 
whorl. Open-pollinated ears were obtained from each culture and were scored 
for cob and kernel color, kernel width, kernel thickness, amount of denting, and 
diameter of the shank below the ear. These various scores and measurements are 
presented in Tables I and II. 


(1) 
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For cytological study, sporocytes from each of the varieties were killed and 
fixed in 3 parts alcohol to 1 part propionic acid. After 24 hours at room tempera- 
ture they were stored in a refrigerator until they were smeared in propionic 
carmine. Chromosome knob numbers were obtained from each culture. The 
results are tabulated in Tables I and II and are discussed in detail below. 


MORPHOLOGY 


It was immediately apparent that, in spite of much plant-to-plant variation, 
the northern flints were essentially homogeneous at the eastern end of their range 
in New York and New England but became increasingly variable as the Great 
Plains were approached. This is equally true whether one considers the morphology 
of the plants, the appearance of the ears, or the knob numbers of the chromosomes. 
This is also true of the extensive archaeological material which has been examined 
and which is described later in this report. The following description therefore 
applies to the relatively uniform material from the Northeast. As shown in 
Table II, similar varieties are also found in the northern Great Plains but there 
they are accompanied by other kinds of flint corns (pls. 3 and 4). 

The ears of the northeastern flints are characteristically long and slender with 
8 to 10 rows of wide, crescent-shaped kernels (pls. 1, 2). The cob is strong and 
proportionately large, particularly toward the base, and the shank or ear-stalk is 
thick and well-developed. Frequently the base is noticeably larger than the rest 
of the ear, and even in those varieties which do not exhibit this character in a 
prominent fashion, a tendency in this direction may be seen in increased row 
numbers, irregular kernels, or irregular rowing at the base of the ear. This in- 
creased basal development in the northeastern flints is most conspicuous when 
comparisons are made with 8-rowed varieties from’ western Mexico and with some 
of the flints of the southwestern United States. Such varieties taper toward the 
base instead of becoming increasingly wider. 

As might be expected, the northeastern flints are of early maturity. They 
have more suckers or tillers than the common dent varieties from the same area, 
and these tillers are usually shorter than the main stalk and often bear malformed 
ears and tassels. Prop-roots are less common than in United States dent varieties; 
there are usually very few above the level of the soil surface. The culms are small 
and slender with long internodes and are lighter green than most dent varieties. 
The leaves are narrow and the ears are borne on long shanks. The leaves of the 
ear shoot (the husks) have conspicuous blades (fig. 4) which are sometimes re- 
ferred to as “flag-leaves” by sweet-corn breeders. The combination of slender 
culms, irregular tillers, and well-developed flag leaves gives all these flints a 
distinctive general aspect. 

The tassels of the northeastern flints are wiry and open. Tassel branch num- 
bers are mostly from 12 to 16. There is little or no condensation (fig. 2), and 
the spikelet pairs are thinly and evenly spaced along the secondary branches. The 
tassels have a slender axis with long internodes. The central spike is thin and 
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Fig. 1. Actual diagram showing branching patteta and spikelet arrangement of a typical tassel 
of Longfellow Flint. Left: the 11 nodes of the branched portion of the tassel, showing the number 
of branches at each node (in this case 1 or 2) and the approximate direction in which they pointed. 
Immediately above these 11 nodes are the first 5 nodes of the central spike, each of which bore 2 
pairs of spikelets. Right: a diagram to sczie of the actual position of all the spikelets on an 8-cm. 
section of the central spike. The technique is adapted from that used by Mangelsdorf (’45) and 
represents a portion of the spike as if it had been slit down one side and flattened out from a 
cylinder to a rectangle. Scale at left in cm. All the spikelets in this specimen were in pairs, one 
member of each pair being sessile and one pedicellate. All were in 4 ranks and, aside from 1 extra 
pair at the lower right-hand corner, were arranged 2 pairs to a node, the pairs being at right angles 
to the next nodes above or below; in other words, decussate, which means that if there were spike- 
let pairs at the north and south ends of a particular node, those at the next node would be on the 
east and west sides, those at the second node at the north and south again, etc. 


without the conspicuously thickened central portion so characteristic of most dent 
corns and certain varieties of popcorn. The arrangement of the tassel branches is 
more regular than appears from casual observation. In those varieties which are 
mostly 8-rowed it is as follows: The upper two branches are opposite and below 
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SUCCESSIVE SECONDARY BRANCHES FROM BASE TO APEX 


Fig. 2. Lengths of tassel branches, condensation index (C. I.), and number of tertiary branches 
for typical individuals of six varieties of northern flint. (See Anderson, ’44 for details of scoring.) 
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them is a series of branch pairs which are opposite or practically so. Toward the 
base of the tassel these pairs become increasingly indistinct until finally there is a 
single branch at each node. The lower two branches are usually 2-ranked and on 
opposite sides of the axis though well separated. There is a strong tendency for 
the tassel branches, as a whole, to be quite regularly 6-ranked but aside from this 
we have been able to find no general regularity in the way they are arranged on 
the stem, which varies between the clearly opposite pair just below the central 
spike and the alternately 2-ranked pair at the base of the tassel. Detailed records 
of a typical tassel are presented in fig. 1. 
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Chromosome knob number 


Fig. 3. Frequency distribution of chro- 
mosome knob numbers in dent corn inbreds. 


The arrangement of the central spike is surprisingly simple and does not seem 
to have been previously described. In the 8-rowed crescent-seeded flints it is 
clearly whorled. At each node there are two pairs of spikelets, one of each pair 
being pedicellate and one sessile. The pairs at each node are at right angles to 
those immediately below and immediately above, so that the spike, as a whole, is 
4-ranked and decussate. This simple arrangement is somewhat masked by a slight 
twisting of the axis, and in some plants by a low degree of multiplication (Cutler, 
46, p. 269). Im 10- and 12-rowed varieties the patterns may be modified in 
various ways. If there is enough condensation (Anderson, ’44) to telescope some 
of the nodes on the secondary branches, there may be additional spikelets at the 
nodes, or the clear division into nodes may not be apparent and the spike will seem 
to be arranged spirally instead of being whorled. In some of the Plains flints with 
12-rowed ears the central spikes may be whorled but the whorls have three spike- 
let pairs instead of two as in the 8-rowed varieties. 
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CYTOLOGY 


The northeastern flints make excellent cytological material; as compared to 
most other United States varieties they are easy to smear and yield a high per- 
centage of good preparations. This is, in part at least, the result of their being 
knobless or essentially so, that being the outstanding cytological feature of these 
corns. A summary of chromosome knob numbers for flints from the Northeast 
and from the Northern Plains is presented in Tables I and II. It will be seen that, 
aside from the organizer knob on chromosome 6, the northeastern flints are knob- 
less or have only one or two knobs. The organizer knob is never iarge as in some 
Central American varieties. On the contrary, it is usually extremely small, light- 
staining and inconspicuous (fig. 5). The knob positions in the northern flints are 
also characteristic, as had previously been reported by Longley (’38) for the 
varieties of the northern Indians. When knobs are present in these varieties they 
are usually either small and terminal on chromosome 9 or two small knobs on the 
long arm of chromosome 6. The form of the terminal knob on chromosome 9 is 
also characteristic. It may be more or less cleft at the apex, or it may taper to an 
acuminate point; it is never large and cylindrical as in certain varieties from 
western Mexico. In all cases knobs in the northern flints are small; often they 
are only slightly larger than a large chromomere. 

Since the varieties included in this study were from open-pollinated seed and 
were more or less heterozygous one might expect knob numbers to vary con- 
siderably within varieties. Actually the variation is slight, usually not more than 


one knob. Where different knob numbers were observed the number listed rep- 
resents the average of a number of counts. Among the varieties examined cyto- 
logically, two (Parker’s Flint and Twelve-row Dakota) were found to contain, in 
addition to the normal chromosome complement, one and two pairs of B chromo- 
somes. The B chromosomes in the variety ““Twelve-row Dakota” were unusually 
large and the pairs were frequently joined at pachytene of meiosis. 


ARCHAEOLOGY 


The rapid advances of American archaeology in the last few decades have added 
greatly to our knowledge of the history and development of maize. As additional 
collections of prehistoric material become available and as cultural sequences are 
more accurately determined, the history of corn in North America will no longer 
be a matter for argument. It will instead come within the domain of measurement 
as various collections are recorded and carefully compared with one another. For 
the northern flint corns, while some details remain to be filled in, the outlines of 
the story are already clear. They are shown in map 1 and a detailed report is pre- 
sented in Table III. Before going into the minutiae of these collections, the non- 
archaeological reader may be helped if we anticipate the chief conclusions: 
Eight-rowed flints, similar to those described above, were widespread in pre- 
Columbian times in the eastern United States. They go back to approximately 
1000 A.D., and over wide areas in the eastern United States no other kind of 
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Fig. 4. A single ear of Stevens’ Flint showing extensive husk-leaf 
development representative of many varieties of northern flint corn. 
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Fig. 5. Pachytene chromosomes of Longfellow Flint showing small 
organizer knob on chromosome 6. The largest arrow points directly 
to the organizer knob. It will be noted that the knob is so small as to 
be scarcely visible against the side of the nucleolus and is only slightly 
larger than the terminal chromomere of the satellite just below it. 
The smaller arrow points to the small terminal knob on chromosome 9. 
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Map 1. Distribution of collections of prehistoric corn in the eastern United States: 
large dots, crescent-seeded 8-10 rowed flints (i.¢., like northeastern flints); small dots, 
various other types. 


maize has been reported in archaeological remains. In the Great Plains, by con- 
trast, there were widely divergent types of corn as well as northern flints and 
apparent mixtures with them. The sequence of these types of flint in the Great 
Plains remains to be worked out. The situation in the American Southwest is 
equally complex but one fact is certain: The northern flints arrived there relatively 
late (about 1300 A. D.), long after other types of maize had been established in 
that region. 

The facts on which these conclusions are based are presented in condensed form 
in Table III and map 1. These summarize the collections of archaeological maize 
from the Great Plains and the eastern United States which we have so far ex- 
amined, some 36 in all. They represent all the collections readily available at the 
Rochester Museum, the Peabody Museum of Harvard University, the Ohio State 
Museum at Columbus, the Museum of Ethnobotany of the University of Michigan, 
the National Museum at Washington, the Library of the Iowa State College at 
Ames, and the Chicago Museum of Natural History. To the curators and staffs 
of these museums we are greatly indebted. They not only made the material 
available for study but supplied us with literature and references in addition to 
much general information on archaeological matters. It will be noted that nothing 
from the southwestern states is included in this survey. The situation there is 
much too complex for discussion here and is somewhat outside the scope of this 
paper. For a detailed report on one prehistoric collection of southwestern maize 
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which includes 8-rowed flints, see Anderson’s appendix to Haury’s (’45) report on 
Painted Cave. For a general discussion of the evidence on types of maize in the 
Southwest see the fourth chapter, pp. 39-55, of Carter’s (’45) “Plant Geography 
and Culture History in the American Southwest.” 

Some of the data in Table III are summarized in map 1. At least three main 
types of corn occur in the Northern Great Plains: (1) Varieties very similar, if 
not identical, to the northeastern flints described above. They have wide, crescent- 
shaped seeds, thicker at the apex of the kernel than near the germ. They are 
straight-rowed with strongly paired rows, and are predominantly 8-rowed. (2) In 
the Northern Great Plains, in addition to the above varieties, are others which are 
more or less similar but have higher row numbers and smaller, squarer kernels. 
(3) From rock shelters and caves from the Ozarks to southern Ohio are found 
collections of a very different type of corn. Some of these are well preserved. 
From others the evidence is fragmentary. They resemble the so-called prehistoric 
Basketmaker corn of the Southwest in their irregular-shaped kernels, their ears, 
which taper to the base as well as to the tip, and their high percentage of ears with 
row numbers from 12 to 14. Their presence in this area and their resemblance to 
Basketmaker corn raise questions which are completely outside the scope of this 
paper. The point in question is the 8-rowed crescent-seeded flints. Map 1 and 
Table III demonstrate that such varieties have been in the eastern and northern 
states for some centuries at least and that they were once very widespread there. 

If we catalogue the varieties of corn by their general resemblance to each other 


in all characters rather than by the texture of their endosperm (Anderson and 
Cutler, ’°42) it will be seen that a number of sweet corns, a few of the older 
varieties of popcorns, and some of the flour corns of the eastern Indians are very 
closely related to the northeastern flints. They resemble them in their early 
maturity, crescent seeds, predominance of 8 rows, tillering, flag leaves on the ear, 
absence of prop-roots, and structure of the tassel. The few which we have 
examined are also very similar cytologically. 


DISCUSSION 


The northern flints as ancestors of modern corn-belt varieties — 

While the northern flints, as such, are now little more than a curiosity in much 
of the region where they were formerly grown, they are indirectly of both practical 
and theoretical significance because they are at least one of the ancestral types of 
the varieties which replaced them. There is abundant evidence that the varieties 
of the United States corn belt originated by repeated hybridization between the 
northern flints and soft-textured southern dents. 

Until the early 1800’s nothing like the big cylindrical, yellow maize of the 
corn belt, with its keystone-shaped, dented kernel, was known in the United States 
or elsewhere. As American agriculture developed and pushed westward the 
northern flints were progressively more and more mixed with soft white dents 
spreading up from the South. The latter were in many ways similar to some 
present-day Mexican varieties. Lorain, whose book appeared posthumously in 
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1825, described the ears of these southern dents as “not very long, neither is the 
cob so thick as that of the big white and yellow [flint]. But the formation of the 
grain makes the ears very thick. They frequently produce from thirty to thirty- 
two and sometimes thirty-six rows of very long narrow grains of a soft, open 
texture. These grains are almost flat, at their outside ends.” He also states that 
this dent “ripens later than any other but is by far the most productive.” (p. 203). 
The commonest name for these soft dents was ““Gourdseed”’, since the flat kernels 
with a collapsed and more or less pointed tip resembled a pumpkin seed or gourd 
seed. 

Lorain discussed in detail the results to be obtained from mixing Gourdseeds 
and flints and went on to say: 

“The quantity of the Gourdseed corn mixed with the flinty yellow corns, may be 
determined, so as to answer the farmer’s purpose. When the proportion of the former 
greatly predominates, the grains are pale, very long and narrow, and the outside ends of 
them are so flat that but little of the indenture is seen. As the proportion of Gourdseed 
decreases in the mixture, the grains shorten and become wider, and their outside ends grow 
thicker. The indentures also become larger and rounder, until the harder corns get the 
ascendancy. After this the outside ends of the grains become thicker and more circular. 
They also grow wider, and the fluted appearance between the rows increases. The indentures 
also decrease in size until they disappear, and the yellow flinty varieties are formed. But 


as I believe, not so fully but that the latent remains of mixture will forever subject it to 
more or less change.” (loc. cit., pp. 205-206). 


The churning and rechurning of the Gourdseeds and the flints continued for 
several decades. By 1837, P. A. Brown listed seven different varieties known to 
him which had originated in that fashion. For the year 1850 we have an unusually 


complete picture. Before there was a Federal Department of Agriculture, the 
Patent Office published an annual summary of the progress of American agricul- 
ture; questionnaires were sent out to leading farmers and the replies were sum- 
marized and woven into an essay. For 1850 (U. S. Comm. Patents Rept., ’50) the 
replies were printed practically as written, not even being sorted according to 
states. Since the first question to be answered had been: “What varieties of corn 
are most esteemed in your vicinity?”, the replies give a detailed picture of the 
kinds of corn grown in the United States in the middle of the 19th century. The 
corn belt was just then taking shape in Ohio. Three of the replies from that state 
describe the mixing of flints and Gourdseeds which was taking place. “We culti- 
vate several varieties of what is here called gourd-seed. ‘They are all nearly a 
hybrid between the rough gourd-seed of the South and the flints of the North.” 
(p. 371). Another letter asserts that the best varieties are “obtained by mixing 
the large Southern corn with that of the North.” (p. 396). Another states that 
there are “many good varieties, mostly crosses between gourd-seed and the small 
flint.” (p. 454). Only one reply about corn was received from Illinois which was 
then outside the corn belt (p. 245). It reports that in the vicinity of Quincy the 
most esteemed variety is “a species obtained by mixing the large yellow corn of 
Kentucky with the yellow flint.” The white Gourdseed is also said to be planted. 
Mixtures of Gourdseed with various southern corns are specifically mentioned in 
reports from North and South Carolina, Virginia, Alabama, and Mississippi. 
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Northern flints alone are mentioned for Maine, New Hampshire, Connecticut and 
New York, and they were still among the outstanding varieties for Massachusetts, 
Ohio, Kentucky, Illinois and Michigan. The expression “dent corn”, incidentally, 
is used only in the three letters from Michigan (pp. 309, 410, 412). 

There can be little doubt then that our corn-belt dents originated during the 
first half of the nineteenth century by a manifold mixing of northern 8- and 10- 
rowed flints with many-rowed southern dents. In addition to the precise evidence 
given by Lorain and the Patent Office report for 1850 there are numerous ref- 
erences and descriptions in other agricultural writings. For detailed accounts the 
reader is referred to Edward Enfield’s monograph on “Indian Corn,” published in 
1866; Fearing Burr Jr.’s, “Field and Garden Vegetables of America,” 1863; 
Browne’s, “Essay on Indian Corn” in The ‘Farmers’ Cabinet’ for 1838, and the 
“Transactions of the New York State Agricultural Society’ for 1848. 


The importance of northern flints in modern corn breeding.— 

The demonstration that our corn-belt dents are derived in part from the 
northern flint corns is of more than academic interest. It has been shown (Ander- 
son, °39) that in crosses where any considerable number of genes are concerned 
the total forces of varietal cohesion are vastly greater than is usually appreciated. 
In such crosses all the multiple-factor characters will be partially linked with one 
another, and while a bewildering variety of new forms may appear, on the whole, 
the combinations of characters which went into the cross together will tend very 
strongly to stay together in the hybrids. If the number of segregating genes 
exceeds three per average cross-over segment (a not unlikely figure in crosses be- 
tween northern flints and southern dents) then the linkages can be broken only by 
long generations of controlled breeding. Though approximately a century has 
elapsed since the mixture of the southern dents and the northern flints was begun, 
we may well expect that enough of the genes contributed by the flint varieties are 
still so linked with one another, on the average, to render this linkage worthy of 
consideration in any corn-breeding program. In producing hybrid corn, for in- 
stance, some of the difficulties encountered are due to the fact that we are not 
working with a homogeneous mixture of dent corns as such; we are working with 
a mixture containing large blocks of germ-plasm of southern dents and of northern 
flints. Hard kernels, a low row number, cylindrical ears, and early maturity were 
qualities which went into corn-belt corn from the flints. It is a matter of common 
knowledge among experienced present-day corn breeders that these qualities still 
tend to stay together. Knowing that these qualities went in together from the 
flints, it should not take too long, by experimental breeding, to produce at least a 
rough estimate of their distribution in the germ-plasm of corn-belt varieties. Are 
they scattered equally over all ten chromosomes, or are they concentrated on a 
few? Are the gene differences to be estimated in the tens, the hundreds, or the 
thousands? It should be possible within a reasonable length of time to answer 
these questions in at least a provisional way, and data of this nature should be quite 
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useful to the modern corn breeder in his efforts to improve existing inbred lines 
and to create new and better ones. 


Relationship between chromosome knob numbers and morphology of inbreds.— 


There is as yet little exact evidence as to how completely the gene combinations 
introduced from the northern flints have been broken up in modern dent corns. 
Our determinations of chromosome knob numbers in 65 inbred lines of corn-belt 
maize bear directly on this point (fig. 3). 

While the numbers of inbreds investigated is still too small to represent an un- 
equivocal demonstration, the general trend in ear and plant morphology from one 
extreme to the other as one passes from inbreds with low knob numbers to those 
with higher numbers is most suggestive. The inbreds with knob numbers of ap- 
proximately two are clearly the most like the northern flints of any of the 65 
which have been studied. It would seem that the total effect of the forces holding 
the germ-plasm of the northern flints together is so strong in modern maize, even 
after a century of mixing, that the coherence can be demonstrated cytologically. 
If this be true, it represents racial coherence of a very high order of magnitude, 
for the knobs serve as cytological markers for only a portion of the germ-plasm. 
Any specific knob can serve only as a marker for the arm or part of arm of the 
particular chromosome in which it occurs. Since there are 10 chromosomes and 
therefore 20 chromosome arms, the difference between the high knob lines of 8 
and the low knob lines of 2 is at most a difference in only 6 out of the 20 arms, 
or 30 per cent. It seems, therefore, significant that with markers in only 30 per 
cent of the chromosome arms, there is still an indication of resemblance to the 
northern flints in the low knob inbreds. 

It may be that when a larger numbet of inbreds have been examined the rela- 
tionship between low knob numbers and flint-like characters will not be as definite 
as these preliminary results have indicated. The low knob number of the northern 
flints, however, is definitely established. This fact poses a number of questions 
since it seems to be in direct opposition to Mangelsdorf and Cameron’s (’42) pioneer 
work on the same subject. 

Mangelsdorf and Cameron determined the knob numbers of over 150 varieties 
of maize from Guatemala and demonstrated the association of high and of low 
numbers with various contrasting characters of the ear and plant. Two of the 
most definite associations which they established were between high knob number 
and cylindrical vs. tapered ears, and with straight rows vs. irregular rowing. On 
the basis of their findings we might expect the northern flints to have the highest 
knob numbers of any United States varieties of corn. Actually they have the 
lowest, as we have shown above. These two facts, however, are not as diametrically 
opposed as they might seem. The corn of the United States is not the corn of 
Guatemala, nor could all of it have been directly derived therefrom. Much of it, 
theoretically the greater part of it, must have spread into the United States by way 
of Mexico. For that country we have only about 50 knob determinations but in 
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general they agree with those of Mangelsdorf and Cameron. In western Mexico 
there is a whole group of varieties with cylindrical ears, high-lodging resistance, 
and growing chiefly at low altitudes. They have high knob numbers as Mangels- 
dorf and Cameron would predict. In Central Mexico, mostly at very high alti- 
tudes, there is a group of tapering-eared dent corns which lodge badly and are 
smut-susceptible. Mangelsdorf and Cameron would predict them to have generally 
low knob numbers which they do, being from 0 to 5 in the material we have in- 
vestigated. Much of the dent corn of Mexico is intermediate between these two 
extreme types (Anderson, ’46), and the few examples we have investigated have 
intermediate knob numbers as might be expected. It was such varieties as these 
which eventually spread northward into the United States. If for the moment we 
sidestep the question of where the northern flints came from originally but keep in 
mind that they have few or no knobs, then our results come closer to falling into 
line with those of Mangelsdorf and Cameron. By a mixture of old, southern dents 
with mediumly high knob numbers and northern flints with few knobs or none, 
then a situation such as we have described would have developed. 


Origin of the northern flints.— 


The above hypothesis is satisfactory as far as it goes, but it leaves unexplained 
the origin of the northern flints and advances no reasons for their having few or 
no knobs. Only the most tentative of explanations can be offered at the present 
time. As has been pointed out above, the northern flints are characterized by 
wide, crescent-shaped seeds on a cylindrical, few-rowed ear with a strong cob more 
or less enlarged at the base and borne on a stout shank. This is a distinctive com- 
bination of characters. Since somewhat similar varieties are known in the American 
Southwest, Mangelsdorf and Reeves originally suggested (’39) that the northern 
flints spread into the eastern United States from that direction. In this respect 
they are almost certainly wrong. We have specific archaeological evidence that 
the northern flints are definitely pre-Iroquoian in eastern North America (see 
pl. 6). There is abundant and definite evidence (Carter, 45; Carter and Ander- 
son, 45) that varieties like the northern flints did not reach the American South- 
west until after 1200 A.D. There is even some evidence to suggest that they 
reached the Southwest as varieties relatively similar to those in the East and that 
they then underwent hybridization with some of the varieties already present in 
the Southwest to produce the typical long-eared sorts of the modern pueblos 
(Haury, *45). Furthermore, the very similar long-eared varieties of northern 
Chihuahua most certainly represent relatively late southern extension into Mexico 
as had already been determined from cultural evidence (Sayles, 36). 

If the northern flints could not have spread from the Southwest, whence could 
they have come? Varieties with wide kernels, stout cobs, and a more or less en- 
larged base are practically unknown from most of Mexico. However, they are 
present in Guatemala and adjacent Chiapas. It seems probable that northern flint 
corns may be among various cultural traits which spread from south of the 
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Isthmus of Tehuantepec into the eastern United States without leaving any very 
clear record of the route by which they journeyed. 

If the northern flints did come from Guatemala, it is still necessary to explain 
their low knob number, since many of their ear and plant characters are essentially 
those Mangelsdorf and Cameron (’42) found to be correlated with high knob 
number in their Guatemalan survey. They interpreted the high knob number as 
due to crossing with teosinte, which is known to have a very high knob number 
and which, according to Mangelsdorf and Reeves’ hypothesis (’39), was itself 
derived from previous hybridization between maize and Tripsacum. On these 
hypotheses, therefore, the high knob numbers and the associated characters came 
ultimately from Tripsacum, and Mangelsdorf and Cameron applied the term 
“tripsacoid” to these varieties. Since that time, however, Graner and Addison 
(44) have reported that Tripsacum australe of South America, unlike its North 
American relatives, is lacking in terminal knobs. Assuming that Graner and 
Addison’s observations are typical of the cytological picture in Tripsacum australe, 
then we are faced with the possibility that introgression of Tripsacum germ-plasm 
into Zea might have various effects upon knob number, as Cutler (’46) has re- 
cently suggested. It is quite possible, therefore, that our results with the northern 
flints can be harmonized with the hypotheses put forward by Mangelsdorf and his 
collaborators. Before that can be accomplished, however, we shall need to have 
a much more detailed understanding than we have at present of the relationships 
between the northern flints and similar varieties in Central and South America. 


SUMMARY: 


1. Though no longer of much commercial importance, the northern flints are 
of interest to anthropologists as a type of corn once very wide-spread in the eastern 
United States. They are also worthy of consideration by modern corn-breeders as 
one of the ancestors of modern United States dent corns. 

2. A representative collection of northern flint varieties was grown. Its gross 
morphology, its pachytene cytology, were systematically investigated. The varie- 
ties of flint corn from New York and New England are substantially uniform 
morphologically, cytologically and archaeologically. Similar varieties are also 
grown on the Northern Great Plains, but the collection from that area is more 
variable and includes other types, as it has since prehistoric times. 

3. The northeastern flints (those from New York and New England) have 
slender culms, irregular tillers, well-developed flag leaves, few visible prop-roots, 
and are of early maturity. Their ears are cylindrical, 8- to 10-rowed, with strong 
shanks and proportionately large cobs. Their kernels are wide, undented, and not 
pointed. The tassels are wiry, with no condensation. The central spike bears its 
spikelets in whorls of two pairs: the pairs 4-ranked and decussately arranged on 
the spike. 

4. The pachytene chromosomes of the northeastern flints show few knobs or 
none at all, and the knobs, when present, are usually small. 
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5. There is abundant archaeological evidence to show that similar varieties 
of corn were common in eastern North America in prehistoric and protohistoric 
time. Over wide areas in the eastern states they are the only maize so far obtained 
in archaeological excavations. 

6. The northeastern flints were widely grown commercially in the United 
States in colonial times and afterward. During the first half of the 19th century 
they were extensively and repeatedly hybridized with soft dent varieties from the 
South, giving rise eventually to the typical cylindrical-eared dent varieties of the 
United States corn belt. 

7. Though the amalgamation of the northeastern flints and the southern 
dents has proceeded for nearly a century, some of the characteristics of the 
northern flints are still more or less linked in the germ-plasm of modern United 
States commercial corns. A cytological survey of 65 inbred lines of dent corn 
showed chromosome knob numbers of from 2 to 8. The inbreds with the lowest 
knob numbers (i.e. the most flint-like) were most similar to the flints in their 
external morphology. 


8. The origin of the northeastern flints is briefly discussed. While they are, 
in general, unlike Mexican maize but show strong resemblances to certain varieties 
from Guatemala, the problem cannot be seriously approached until more detailed 
information concerning the morphology and cytology of Central and South 
American varieties is available. 
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EXPLANATION OF PLaTEs 1-5 


In these plates the lance-shaped object at the left-hand margin is a tracing of the first 
leaf above the ear. In the photographs of the ears each of the divisions on the scale rep- 
resents one centimeter. 


Plate 1. Stevens’ Flint—typical plant, ears, and kernels. 
Plate 2. Parker’s Flint—typical plant, ears, and kernels. 


Plate 3. Dakota White, a variety of the Great Plains having many characteristics of 
eastern flints. 


Plate 4. Twelve-row Dakota. This type is quite different morphologically from the 
northeastern flints but similar in many ways to certain varieties of the south- 
western states. 


Plate 5. Spanish Popcorn. Representative plant, ears, and kernels. A flint of very 
early maturity whose morphology suggests relationship to both northeastern and 
Great Plains varieties. 
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EXPLANATION OF PLATE 


PLATE 6 


Photographs of charred maize cobs from Gibraltar Site, Wayne Co., Mich., collected 
by Dr. Emerson F. Greenman, Museum of Anthropology, University of Michigan, sum- 
mer 1938. “Owasco” (probably before 1200 A.D.). Note the 8-rowed cobs, the wide 


alveoli, strongly paired rows, and large shanks. Photograph courtesy of Volney Jones and 
the Museum of Ethnobotany of the University of Michigan. 
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MYCOCANDIDA RIBOFLAVINA 


CARROLL W. DODGE 
Mycologist to the Missouri Botanical Garden 


Professor in the Henry Shaw School of Botany of Washington University 
The following study is based on culture no. 921, resulting from a long series 
of selections from stock culture no. 321 in the collection of Anheuser-Busch, Inc., 
St. Louis. The latter was originally isolated from figs by H. J. Phaff and sent 
under the name Saccharomyces fragilis ?.! 


Mycocandida riboflavina Dodge, sp. nov. 

Pseudomycelium ex cellulis longe ellipsoideis, 10-11  1.6—2.5p, ramis laterali- 
bus 1-2(—4) ad quemque nodum, cellulis 1-3. Colonia parva, cremea vel albida, 
laevis vel subfoveolata, margine tenui. Colonia rugosa cremea, crateriformis, rugis 
radiantibus, subelevatis, margine crassiori. Gelatina tarde liquefacta. Glucosa, 
fructosa, mannosa, sucrosaque fermentatae. 

Cells in young cultures variable in shape from ellipsoid to long-ellipsoid, or 
ovoid, often with both ends rather acute, budding polar, but cells not apiculate as 
in Kloeckera (Pseudosaccharomyces), mostly single, a few in short chains. 

In old liquid cultures (four months) similar to young cultures but chains 
somewhat longer with 2 (rarely up to 4) short branches at the nodes (up to 3 
cells long), cells ellipsoidal to subpyriform, terminal cells short-ellipsoid to 
nearly spherical; one spherical cell seen with 4 buds at one end and 3 at the other. 

On old malt agar cultures, pseudomycelium well developed, cells 10-11  1.6- 
2.5u, branching lateral, only 1 or 2 branches at a node, cells long-ellipsoid or with 
the end bearing the branch slightly enlarged and more rounded; terminal cells 
shorter. 

No ascospores produced on old cultures (some completely dried out) nor on 
gypsum blocks nor on Gorodkova agar. 


COLONY CHARACTERS AND SECTORING 

On malt extract agar (15° Balling), colony small, margin thin, sloping gently 
to the center, surface smooth with very minute pitting and with some very shallow 
radial valleys, with a small rugose sector. Transfers from the rugose sector pro- 
duced colonies with a shallow central crater, with low broad radial folds and a few 
cross folds, margin circular and somewhat elevated, with a smooth sector occupy- 
ing about one-sixth the circle. Colonies cream buff with a lighter margin. Trans- 
fers from the smooth sector produced colonies with a very low dome in the central 
crater, sloping gently to the margin, with 4 or 5 radial valleys, surface smooth 
with some very shallow pits (visible under a 9 X hand-lens), margin very smooth 
and slightly elevated. Colonies cartridge buff or darker, margins somewhat lighter. 
No further sectoring occurred on smooth colonies. 


1Mrak, E. M., H. J. Phaff, R. H. Vaughn, and H. N. Hansen. Yeasts occurring in souring figs. 
Jour. Bact. 44:441-450. 1942. 
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On Sabouraud glucose agar, colonies with a low central plateau, broadly crenate 
margins with narrow radial valleys connecting the central plateau to the notches 
in the margin. Transfers from the smooth type of colony on malt extract agar 
produced colonies with a nearly smooth center (only a very faint suggestion of a 
crater), sloping very gently to the margin, surface rather dull from minute pitting 
(about the limits of visibility with a 9 & hand-lens), no radial valleys nor ridges, 
margin less elevated, with the faintest suggestion of marginal striation (under 9 X 
lens). Color pale ochraceous salmon. Transfers from the rugose sector on malt 
extract produced colonies with a low central dome in a very shallow excentric 
crater, sloping gently to the margin, a very few slight ridges and radial valleys 
(arranged as the lamellae of a mushroom). Colony light ochraceous salmon, mar- 
gin paler. No sectoring was observed on Sabouraud glucose agar. 

Yeast decoction agar: colony more elevated, very moist and shining, faint 
depression in center with about 4 very shallow, radial valleys, pure white. Trans- 
fers from either smooth or rough sectors on malt extract agar produced the same 
type of colony on yeast decoction agar. 


BIOCHEMICAL ACTIVITY 


In general, liquid cultures produced a slight ring on the sides of the tube, no 
islets nor pellicle; the liquid remained clear and the sediment finely granular; in 
old liquid cultures (about 4 months), the ring is a little better developed and 
the sediment becomes slightly more flocculent. In fermentation tubes of glucose, 
mannose and lactose, a few islets developed but they were never abundant nor did 
they coalesce to form a pellicle. Litmus milk was neither acidified nor coagulated; 
a slight ring and abundant sediment developed in the tubes, showing that growth 
occurred. Gelatin was very slowly liquefied, complete in 16 weeks, abundant 
sediment, but no ring nor pellicle. 

Fermentation: Gas is produced with glucose, fructose, mannose and sucrose, 
none with maltose nor lactose. Gas is produced much more slowly than with 
Saccharomyces cerevisiae, not showing until the second day after inoculation. No 
acid was produced under anaerobic conditions (long arm of fermentation tube) ; 
acid with glucose and lactose, none with mannose, maltose nor sucrose under aerobic 
conditions (short arm of fermentation tube). Sediment abundant in all tubes. 

Since our organism was thought possibly related to Brettanomyces and since 
most species of the latter produce an after-fermentation of beer, 95 per cent ethyl 
alcohol was added to 15° Balling malt extract to make final concentrations of 
5-12 per cent ethyl alcohol. At 5 per cent after three weeks, there was good 
growth with abundant flocculent sediment; at 6 per cent growth was good, but 
with less and more granular sediment; at 7 per cent growth was poor with very 
fine granular sediment. No growth at 8-12 per cent, hence the limiting concen- 
tration of alcohol lies between 7 and 8 per cent ethyl alcohol. 

Two hundred ml. portions of Budweiser beer (4 per cent alcohol) were 
measured into flasks under aseptic conditions, and one set inoculated with Myco- 
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candida riboflavina, the rest being reserved as a control. The flasks were weighed 
daily. In 6 weeks, 2 gm. loss of weight was recorded, with a decrease of alcohol 
to 1.1 per cent (volume) and an increase in non-volatile organic acids measured. 
Had the organism been a species of Brettanomyces, an increase in ethyl alcohol and 
volatile organic acids would have been obtained. 


TEMPERATURE RELATIONS 


































Week-old cultures in malt extract (15° Balling) were placed in a water bath 
at the desired temperature for half-hour and hour intervals. Good growth on 
subsequent plating occurred at 48° C. for a half hour and at all lower temperatures. 
No growth occurred at 49° C. nor above to 58° C. after half-hour exposures. 
About 20 colonies per plate were found on plates from cultures exposed to 48° 
for one hour; hence we conclude that the thermal death point is 49° for a half- 
hour exposure, and the maximum temperature for growth is 47-48° C. While 
no extensive experiments were made to determine optimum temperature for growth, 
such experience as we have had indicates that the optimum is about 30° C. 


RELATIONSHIPS 





At first examination of young cultures, our organism might be taken for 
Kloechkera (Pseudosaccharomyces), as the cells are rather elongate with acute ends, 
but not truly apiculate. Little or no pseudomycelium has ever been reported in 
Kloeckera, while our organism predominantly produces pseudomycelium in old 
cultures, placing it in the Eremascaceae Imperfectae. Brettanomyces, when grown 
on potato agar, resembles our organism in morphology, but fails to liquefy gelatin, 
produces sufficient volatile acid in malt extract to kill the cultures quickly (unless 
calcium carbonate is added to the medium), and ferments sugars very slowly. 
Our organism liquefies gelatin slowly, produces no volatile acid under similar con- 
ditions, and ferments sugars more rapidly if they be fermented at all. 

Both morphologically and physiologically, our organism belongs in Mycocandida 
Langeron & Talice', based on the type species Candida mortifera Redaelli?. Our 
organism differs from the type species in its fine granular sediment rather than 
flocculent growth with little sediment, liquefying gelatin more slowly and fer- 
menting fewer sugars but growing better in those it does not ferment. Our 
organism has longer, slenderer ellipsoidal cells in malt and other media, while 
M. mortifera has nearly spherical ellipsoid cells. 

Our organism resembles Candida Guilliermondi (Cast.) Langeron & Guerra® in 
its fermentative ability, but the latter forms a pellicle on liquid media, fails to 
liquefy gelatin, renders litmus milk alkaline, fails to assimilate lactose, and has 
larger cells and pseudomycelium. Although some strains approach the morphology 

1Langeron, M., et Talice, R. V. Nouvelles méthodes d’étude et essai de classification des 
champignons levuriformes. Ann. Parasitol. Hum. Comp. 10:1-80. 5 pls. 1932. ‘ 

?Redaelli, P. I miceti come associazione microbica nella tuberculosi polmonare cavitaria. Osser- 
vazioni micopatologiche e sperimentali. pp. 21-24. Pavia, 1925. 


3Langeron, M., et P. Guerra. Nouvelles recherches de zymologie médicale. Ann. Parasitol. Hum. 
Comp. 16:429-476. pl. 12-24. 1938. 
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of Mycocandida on some media, in general it has the type of pseudomycelium of 
Syringospora (Mycotorula). 

Our organism differs from strain 488 (isolated by L. J. Wickersham from 
sour milk and used by P. R. Burkholder* in patent 2,363,227 under the name 
Candida Guilliermondia) in producing as good growth in lactose as in mannose 
and sucrose. Candida Guilliermondi (Cast.) Lang. & Guerra produced no growth 
on lactose and maltose while C. Guilliermondia Burkholder produced better growth 
on maltose than on glucose and only slight growth on lactose. 

Our organism was thought to be an aberrant strain of Saccharomyces fragilis 
when first isolated and might be considered an asporogenous variant. It has the 
same general morphology when first transferred to fresh media, but is smaller, the 
cell walls are not fragile, and it has produced no ascospores by the usual techniques. 
It liquefies gelatin much more slowly and fails to ferment lactose. I have found 
no report of S. fragilis producing pseudomycelium in old cultures. 

In view of the above considerations, our organism is an undescribed species of 
the Eremascaceae Imperfectae for which I propose the name Mycocandida ribo- 
flavina. 

In conclusion, I wish to express appreciation to Anheuser-Busch for a research 
grant and permission to study this organism; to Dr. George W. Freiberg for helpful 
suggestions and photostats of pertinent literature not available in local libraries; 
to Dr. J. E. McClary for determinations of ethyl alcohol and volatile and non- 
volatile acids; to Dr. Lilian Nagel for the drawings illustrating morphology; and 
to Dean George T. Moore, of the Henry Shaw School of Botany of Washington 
University, for kindly interest in this study. 


*Burkholder, P. R. Fermentation process for the production of riboflavin (vitamin Bz). U. S. 
Patent Office 2,363,227:1-3. 1944. 


EXPLANATION OF PLATE 


PLATE 7 
Fig. 1. Cells from 3-day agar culture at room temperature. 


Fig. 2. Cells from dried-out colony on agar plate, soaked in distilled water and 
stained with aceto-orcein. 10 X ocular, 90 X objective. 
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EXPLANATION OF PLATE 


PLATE 8 


Fig. 3. Unusual types of cells from old lactose fermentation tube. Free-hand sketches. 


Fig. 4. Pseudomycelium and cells from moist colony on agar slant, stained with aceto- 
orcein. 10 X ocular, 90 X objective. 
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INHERITANCE IN THE CARNATION (DIANTHUS CARYOPHYLLUS) 
III. INHERITANCE OF FLOWER COLOR 


GUSTAV A. L. MEHLQUIST 


Horticulturist, Missouri Botanical Garden 
Associate Professor, Henry Shaw School of Botany of Washington University 
(Formerly of the University of California, Los Angeles) 


anv T. A. GEISSMAN 
Associate Professor of Chemistry, University of California, Los Angeles 


INTRODUCTION 


This carnation study was begun by the senior author in 1932 at the University 
of Connecticut, and although only about 3,500 plants were grown there, that 
represented much of the work necessary before larger populations could profitably 
be grown.' In 1936 the study was transferred to the University of California 
where, between 1936 and 1942, 35,000 to 40,000 plants were grown. Since 1946 
the work has been continued at the Missouri Botanical Garden. 

The purpose of this study was partly to produce superior carnation varieties; 
especially in the yellow group where good commercial varieties have always been 
scarce, and partly to learn the genetical basis for some of the characteristics which 
contribute to the make-up of a good commercial variety. As the project expanded 
it was found necessary to limit the study to one or two major characteristics. 
Since a pleasing flower color is one of the primary requirements of any plant grown 
for ornamental purposes, this feature was gradually given preference, while others 


were given attention only as they appeared in the cultures grown for color analysis. 
Although the study is by no means complete, it seems justifiable to report the 
data obtained to date, as it may be some time before the work, interrupted by the 
war, can be resumed on full scale. 


MATERIAL AND METHODS 


The carnation material available during the first season consisted of ten com- 
mercial varieties, or clones, namely: ARCTIC, BETTY LOU, FAIRY QUEEN, IVORY, 
MAINE SUNSHINE, MATCHLESS, PINK ABUNDANCE, SPECTRUM, SURPRISE, and 
WOBURN. A few others were added during the next two years. Since carnation 
varieties of this type are ordinarily reproduced by cuttings, they were expected to 
be rather highly heterozygous. In order to get an idea of the degree of hetero- 
zygosity and at the same time make a start toward the production of relatively 
pure lines, self-pollination of these varieties was immediately undertaken. How- 
ever, one variety (PINK ABUNDANCE) produced no pollen whatever during the 
entire season, and two varieties (SPECTRUM and Ivory) failed to set any seed 
whether self-pollinated or cross-pollinated. On the whole, selfing proved to be 
difficult and produced relatively few viable seeds per capsule. Crosses, on the 

1The senior author is indebted to Professors R. H. Patch, G. S. Torrey, A. S. Porter, and S. P. 


Hollister for their kind interest in the project while it was carried on at the University of Con- 
necticut. It was through their combined efforts that the necessary facilities were provided. 


(39) 
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other hand, resulted in fair amounts of good seed and were easily made. Those 
varieties which produced little or no pollen proved to be among the best seed- 
producers when cross-pollinated. In the generations following these crosses many 
plants were eventually obtained that were reasonably self-fertile and could be in- 
bred until relatively pure lines were established. Whenever a line of twenty-four 
or more seedlings failed to show any segregation for the characteristic being 
studied, the line was considered homozygous for the corresponding gene. This 
number is obtained by solving the equation 1 —(34)" = .999, where m is the 
number of self seedlings that must be grown from a plant to indicate with a 
probability of .999 whether a plant that does not segregate is homozygous for 
the genes under investigation. 


It was later found that varieties which could not ordinarily be selfed during 
the winter in the greenhouse, either due to lack of pollen or because of failure to 
set seeds, could be selfed with at least a fair amount of success if they were grown 
in the field during the summer and in the fall transferred to rather small pots and 
placed in the greenhouse. Even varieties which when benched, as is ordinarily 
done with this type of carnation, produced no pollen, with pot culture produced 
at least a few anthers and set good seeds. If the nitrate level was kept fairly low 
and the plants held rather on the dry side, this partial fertility often lasted well 
into the winter. 


The seed was germinated in the greenhouse, the bulk of it in sterilized sand or 
soil. The seeds of the most important lines, and those which for some reason were 
poorly developed, were germinated on blotters and transferred to soil shortly after 
germination. Regardless of which method was used, most of the seedlings were 
transferred to 2-inch pots or 2-inch plant bands and later planted out in the field. 
A few were transferred to 4-inch pots and flowered in the greenhouse. Whether 
grown in the greenhouse or in the field, the progenies from crosses generally 
bloomed in from five to eight months whereas those from selfed lines were decided- 


ly more irregular, requiring from five to fifteen months from planting of seed to 
flowering. 


The chromosome number was determined from root-tip material on over 100 
different plants. The 2” number was 30 except for occasional tetraploid root tips 
or sectors. Meiosis has been studied only in some 30 plants, all of which showed 
15 bivalents at IM. Included in these 30 were 4 female sterile, 4 male sterile and 
3 which ordinarily failed to produce seeds because of the prevalence of secondary 
ovaries. All underwent regular meiosis. m = 15 is the x number for the 
genus Dianthus (Darlington, ’45). All observations are based on permanent prep- 
arations that were stained according to Stockwell’s safranin-crystal violet schedule 
(Stockwell, ’34). 


In recording flower color, the names used in commercial carnation culture were 
retained; but new colors were given descriptive names. 
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RESULTS 


To facilitate the analysis, the colors of the carnation have been divided into 
four main groups, namely: 
i 


The acyanic group, containing only those colors that are due to antho- 

xanthins*. These colors are pale yellow, clear sulphur-yellow and white. 

The cyanic group, in which the colors are due to anthocyanins on ivory 

base. This group contains two distinct series depending on whether the 

anthocyanin involved is pelargonidin or cyanidin. Each of these series 

may again be divided into two sub-series depending on whether the antho- 

cyanin occurs as a monoglycoside or as a diglycoside. 

a. Pelargonidin monoglycoside colors: salmon (ELEANOR, CHARM); red 
(SPECTRUM, KING CARDINAL, TOM KNIPE, WM. SIM). 

aa. Pelargonidin diglycoside colors: light pink (vmcm1a); deep pink 
(PINK ABUNDANCE, BOSTON WARD, JOHN BRIRY). 

b. Cyanidin monoglycoside colors: lavender-pink (no commercial) ; 
crimson (WOBURN, TOPSY, SETH PARKER). 

bb. Cyanidin diglycoside colors: lavender-pink (no commercial); purple 
(ROYAL PURPLE, POTENTATE). 

The transition group in which the color is due to partial development of 

anthocyanin on yellow base. ‘This group contains the salmon-yellow, 

orange, salmon-orange and pale maroons. Some of these self colors may 

be variegated with anthocyanin, in which case they are specifically dis- 

cussed in the next group. 

The variegated group containing all those types in which either acyanic 

or cyanic colors occur in stripes or zones on lighter background. Five 

types of variegations will be discussed as follows: 

a. random narrow. 

b. random broad. 

c. picotee pattern. 

d. salmon-red. 

The fifth type of variegation, flushed, because of its more natural relation- 

ship to the self colors, will be discussed in connection with the acyanic 

group. 


I. THe Acyanic Group 


a. Yellow versus White.— 

Most of the F, progenies from crosses between white and yellow have been 
either pure white or white lightly striped with anthocyanin color, but some have 
been anthocyanin self-colored. In Table I are summarized the results from those 
in which the F; were white or white-variegated. As variegation is discussed sep- 
arately, only the self colors are considered here. The results indicate that two 
independent genes govern development of the yellow and white colors respectively, 


*“Anthoxanthin” is a rather general term applied to sap-pigments other than those of the 





anthocyanin type. It refers in most cases to flavone derivatives. 
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TABLE I 











PARENTAGE 


GENERATION 


Pale 
Yellow 





MAINE SUNSHINE’, yellow 
34006-2, yellow 
34518-1-14*, yellow 
38192-14, yellow 
38168-1, pale yellow 
37054-6, white 

37079-29, white 

37109-1, white 


oe 
Nw 


38594 — 34518-1-14 x 37054-6 ‘ 
Two plants 12:3:1°** 


38626 — 34006-2 x 37109-1 
Two pl., white var. D. P. 
One plant, white 


38628 = M. S. x 37109-1 
One plant, white 
One plant, white 


40522 — 38192-14 x 37109-1 
Three pl. white var. D. P. 





40576 = 38168-1 x 37079-29 
One plant F, ? 


























* MAINE SUNSHINE at times had occasional broad, white stripes and faint, narrow pink stripes; 
34518-1-14 had faint narrow reddish stripes. 
** 37054-6 was female sterile, hence no P; population. 
*** The white and white variegated pink have been added. 


and that the gene for white is epistatic to the one for yellow. Because the so- 
called whites are really ivory-colored, at least in the bud stage or until bleached 
in sunlight, the gene controlling the development of this color has been designated 
I. The gene for full yellow color has been designated Y. Thus YI and yI are 
white, Y i yellow and yi pale yellow. 

The whites used as parents in the crosses summarized in Table I, with one ex- 
ception, were pure ivory-white on which no red or pink marks had ever been 
observed. The one exception, 37079-29, in the greenhouse during the short days 
of winter at times had a faint tinge of pink. Under field conditions it had pure 
white petals with tinted anthers. The four yellow parents, on the other hand, reg- 
ularly produced a few reddish or pinkish stripes. Some of the yellow Fo plants 
also had some reddish or pinkish stripes but in the field they were so indistinct that 
no accurate scoring could be made for this feature. The crosses in which the F; 
progenies were anthocyanin-colored are summarized in Table IV. 
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TABLE II 








PROGENY 





PARENTAGE 


GENERATION 
Yellow 
<< -y Jand Orange’ 


ahs 








v-_— 
a= 
ww 


MAINE SUNSHINE, yellow 
34520-6, red 157 red 
{38 red 
35009-5, red (12 Oe, 50 
34520-6-12, red 35 red 35 
37117-37, light pink res 1. pink 23 
. 25 d. pink 
33002-3, deep pink 8 1 pink 33 3:1 
37531 = 34520-6 x M. S. 27 d. pink 27 
Three plants, deep pink 2 hp 27:21:16 
be 14 d. pink 
38558 = 35009-5 x M. S. } 12 1. pink 26 1:1 
One plant, deep pink ’ 57 96 9:3:4 
One plant, light pink P 39 76 | 27:21:16 


38596 = 37117-37 x M.S. 13 1. pink 13 

Two plants 2 Fe 230 | 27:21:16 
1 7 d. pink 

38619 = 33002-3 x M.S. 03 1. pink 10 

One plant, deep pink 2 71 120 9:3:4 


38637 — M.S. x 34520-6-12 23 d. pink 23 
One plant 2 164 : 296 9:3:4 
Two plants 1 152 342 | 27:21:16 


























* The column for A-color includes salmon, red, light pink, and deep pink. 
** The column for white includes white variegated red or pink. 


aa. Yellow versus Anthocyanin.— 


In Tables II and III are summarized the data from crosses between yellow and 
anthocyanin self-colored plants. The Fy results conform to two different ratios, 
the 9:3:4 and the 27:21:16, indicating segregation for two and three genes re- 
spectively. It should be noted that in the crosses where segregation occurred 
according to the 27:21:16 ratio the yellow parents (MAINE SUNSHINE and 
34006-2) were heterozygous for pale yellow, and that segregation according to 
the 9:3:4 ratio occurred in the same crosses. The pale yellow parent, 37039-14 
in cross 38583, was a segregate from selfing 34006-2. Both plants selfed from 
this cross gave segregation according to the 27:21:16 ratio. On the other hand, 
the orange-yellow, 35003-1 (34518-1-1) and the yellow 34518-1-14 (Table 
VIII), were both from lines in which no pale yellow plants have ever been re- 
corded. The seven F, plants that were selfed from these crosses all segregated 
according to the 9:3:4 ratio. Furthermore, the composition of the orange and 
yellow groups differed according to the nature of the segregation types. When- 
ever the segregation ratio was 9:3:4 the orange and yellow group was composed of 
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TABLE II 








PROGENY 





PARENTAGE 


GENERATION 


Yellow 
and Orange 





37039-14, pale yellow 15 
34006-2, yellow 24 
34518-1-14, yellow 24 


Ma 
_ v 
ao) 


»” 
N 
A) 
< 


35003-1, orange-yellow 13 


34520-6-12, red 35 red 35 
34520-6-13, red 40 red 40 
‘ 7 § 13 1. pink 

35019-1, light pink ; Sale 16 
§ 25 d. pink 
( 8 L pink 
38559 = 35019-1 x 35003-1 ! 7 d. pink 
4 red 

§ 44 red 

(18 salmon oan 
Three plants, deep pink 127 224 


33002-3, deep pink 33 


11 


Two plants, red 


38564 — 34518-1-14 x 34520-6-12 12 red 12 
Two plants 152 red 256 9:3:4 


38605 — 34518-1-14 x 33002-3 14 d. pink 14 
Two plants 149 255 9:3:4 
38550 = 34006-2 x 33002-3 [ ey 53 3:1 
One plant, deep pink 22 7 48 | 27:21:16 
One plant, deep pink 39 20 70 9:3:4 
One plant 51 25 104 27:21:16 


38583 — 34520-6-135 x 37039-14 , 22 d. pink 22 
Two plants 2 282 204 140 626 27:21:16 





























* The column for A-color includes salmon, red, light pink and deep pink. 
** The column for white includes white variegated red or pink. 


only two types, namely, orange and yellow in the proportions of 3 orange to 1 
yellow. Thus a more complete ratio for this type of segregation may be written: 
9 A-colored: 3 white: 3 orange: 1 yellow. When, on the other hand, segregation 
occurred according to the 27:21:16 ratio the orange and yellow group consisted 
of three different types of individuals, namely, orange, yellow, and pale yellow in 
proportions approximating 9 orange : 3 yellow : 4 pale yellow. 

These results suggest that the gene determining segregation either according to 
the 9:3:4 or the 27:21:16 ratios in this case is a member of the Y-y pair. That is, 
those F, plants that segregated according to the 9:3:4 ratio were homozygous for 
the Y gene, whereas those that segregated according to the 27:21:16 ratio were 
heterozygous for this gene. The third gene involved may be assumed to be a basic 
anthocyanin gene A, acting with the genes Y and I to produce normal anthocyanin 
color. The data on variegations (Section IV) indicate that no anthocyanin color 
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whatever is produced in the presence of its allele 4, but that certain variegation 
patterns are possible with an intermediate allele a”. 

The interaction of these three gene pairs, all of which are necessary for full 
production of anthocyanin color, may be represented thus: 


27 





In Table IV are summarized 


RVenwKe SK 
wee Me ee 


& da PaPaA 


net 
— 
> 


WW ea 


A-colored 
white 
white 
white 


; 
’ 


transition group 


yellow 
pale yellow 
pale yellow 


27 


A-colored 


white 


yellow, orange, 
maroon 


the data from the crosses between white and 


yellow in which the F; progenies were A-colored. On the basis of the genotypes 
suggested these data should conform to the 9:3:4 and 27:21:16 ratios. Although 
the progenies from these crosses are rather small, the segregations conform to these 


requirements. 


TABLE IV 








PARENTAGE 


PROGENY 








Yellow 
und Orange 








37079-21, white 

37079-29, white 

37109-1, white 

38192-14, yellow 
34520-17-35-12, salm. yellow 


MAINE SUNSHINE, yellow 
39578 = 37109-1 x salm. yel. 
One plant 


40552 = 37079-21 x salm. yel. 
One plant 


40553 — 37079-21 x 38192-14 
Two plants 


40526 = 38192-14 x 37079-29 
Three plants 


40584 —M. S. x 37079-29 
Two plants, white 
Two plants, deep pink 





Z 
iS} 
& 
< 
e 
a) 
Z 
P, 
P, 
P, 
P 
P; 


hg 


Fi 
F, 


F, 
F, 


Fi 
F, 


F, 
F: 


F, 
F2 
F. 





38 


20 white 
30 white 
23 white 


d. p. 


d. p. 
39 


d. p. 
85 


7 white 
52 
29 


d. p. 








27 yellow 

23 s. yel. 

{ 63 yellow 
15 p. yel. 


29 
20 
33 


51 


14 p. yel. 
23 





20 
30 
23 
27 
23 


78 
7 
90 


26 
&9 


26 


28 


20 
66 
90 


27:21:16 


9:3:4 


27:21:16 


27:21:16 


3:1 
27:21:16 











* The column for A-color includes salmon, red, light pink, and deep pink. 


** The column for white includes white and white-variegated. 


b. White versus Anthocyanin.— 
In Tables V and VI are summarized the results from crossing white with A- 
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TABLE V 








PROGENY 





PARENTAGE A-coler. Group 





GENERATION 


3 
x 





tvory, white 
37054-6, white 
37079-29, white 
34520-17-16, salmon 
34520-6-13, red 
37117-37, light pink 


38578 — 34520-6-13 x 37054-6 
Three plants 


38579 — 34520-6-13 x IVORY 
One plant, deep pink 
One plant, red 


38617 — 37117-37 x 37054-6 
Two plants 


40531 = 34520-6-13 x 37079-29 
Two plants 


40569 — 34520-17-16 x 37079-29 
Three plants 



































* 37054-6 was female sterile. 
** All the A-color groups have been added together. 


TABLE VI 








PROGENY 





PARENTAGE TOTAL| RATIO 


Salmon 
White 
var. A-col. 





| GENERATION 


34520-6-12, red 
34520-6-13, red 
34520-17-35-2, salmon 
37109-1, white 


a 


38580 — 34520-6-13 x 37109-1 
Two plants, red 
Two plants, deep pink 


38624 — 37109-1 x 37117-37 
Two plants, light pink 
Two plants, deep pink 


38624 — 37109-1 x 34520-6-12 12 
One plant, red 41 11 11 18 
One plant, deep pink 33 12 11 16 
One plant, deep pink 27 | 14 | 10 3 | 20 | 14 



































* All che A-color have been added together against white and white-variegated. 
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colored. In the crosses 38578, 38579, 38580, 38624, 38625, and 38617, in which 
the white parents involved were pure white, never having shown any anthocyanin 


color whatever, all the Fy populations grown conform to the 9:7 ratio, indicating 


segregation for two independent genes. The results from crosses 40531 and 
40569, on the other hand, indicate a single gene difference. The white parent 
(37079-29) involved in these two crosses was occasionally slightly flushed with 
pink. It is the same plant that was discussed in connection with Table I. 

~~ In the process of purifying many of the original A-colored lines by selfing, 
numerous small progenies were obtained which segregated for white in the propor- 
tions of 3 A-colored to 1 white. Furthermore, many crosses were made between 
a number of whites selected from crosses 38578 and 38579 (Table V). These 
F, progenies contained all possible combinations, namely, all white, 3 white to 1 
A-colored, 1 white to 1 A-colored, or all A-colored. 

In most of the crosses between pure white and full A-color, between yellow 
and full A-color, and between yellow and white that resulted in full anthocyanin 
color, some of the whites occasionally were tinted pink or red and in some, whose 
products indicated segregation for both y and 4, a goodly number of the progeny 
were strongly flushed pink or red on white background. One plant (37079-29) 
that occasionally produced a faint tinge of color in the petals has already been 
discussed in connection with Tables I and V. This plant, when crossed to two 
different yellow plants, produced colored F, progenies (Table IV) which in the 
next generation (F2) segregated for white and yellow in 27:21:16 proportions; 
that is, segregation by three genes. On the other hand, when it was crossed to 
pale yellow (Table I), the result was a white F, and segregation only for pale 
yellow in the second generation in proportions indicating segregation by only one 
gene. Likewise, when crossed to homozygous salmon and red, the Fg results indi- 
cated segregation by one gene (Table V). The only genotype possible that would 
account for these results is yI A. 

As already stated, many crosses were made among whites selected from the Fo 
generations from crosses 38578 and 38579 (Table V). Several of these plants, 
including some that were lightly tinted, were crossed to 37079-29 and some of 
its self-seedlings. In every case tinged selections, when mated to 37079-29 or its 
self-seedlings, produced only tinged progeny. On the other hand, the same selec- 
tions produced colored progeny when mated to certain pure whites with which 
37079-29 also produced colored progenies, suggesting that the tinge or flush of 
color was inherent in the y-gene or some allele to it. As different whites of 
known genotypes gradually became available, numerous crosses were made in 
order to test this hypothesis. The results (Table XVI, p. 60) bear out the 
hypothesis that the tinged and flushed plants belong to the y-whites. 

As may be seen in figs. 2—4 of plate 9, the anthocyanin in the flushed indi- 
viduals varies not only in amount but also in distribution. In matings between 
strongly flushed plants and near-whites the colors of the F; generations usually 
were intermediate, but sometimes they were stronger than in either parent. How- 





48 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


ever, as it has not yet been possible to grow such progenies under controlled con- 
ditions in the greenhouse, it is not known whether this increased color was due to 
the genotype or the environment. 

In the early stages of this study, when many lines were inbred in order to 
provide homozygous plants, numerous lines were obtained whose segregations 
indicated that white flushed with anthocyanin is a simple recessive to full self-color 
and a simple dominant to that type of whites which produce a slight tint or flush 
of color only under favorable conditions. The monogenic relationship between 
white-flushed anthocyanin and the corresponding self-color is further demon- 
strated by the crosses between flushed and variegated individuals (Tables XVII 
and XIX). 

On the basis of the results obtained so far, it can be said that the lowest allele 
of y that has been obtained to date, may with I and A produce a faint tinge or 
flush of anthocyanin on the petals of the flower. The anthers and the tips of the 
stigmas are usually faintly colored in this type, even when the petals are white. 
The intensity of color varies with the specific genotype and the environmental 
conditions. Usually y-whites with R can be distinguished from r plants but 
whether a plant has the dominant allele of S or M cannot be determined except by 
breeding tests. The gene for flushing has been designated y/!. Probably different 
alleles of it exist, and perhaps also one or more modifying genes that influence its 
expression. 

The occurrence of white variously striped with A-color in many of the crosses 
is discussed in Section IV. 


Il. THE Cyanic Group 


a. Pelargonidin Monoglycoside Colors.— 

In 1933 a red seedling, which, because of sparse pollen production, could not 
profitably be selfed, was pollinated by sPpECTRUM SUPREME, a commercial red 
variety which only rarely sets seeds (due to the prevalence of secondary ovaries) 
but usually produces good pollen. All F,; plants were red (Table VII). Three of 
the four F, plants that were selfed segregated in the proportions of 9 red : 3 sal- 
mon : 3 salmon-orange : 1 salmon-yellow, while the fourth did not segregate. In 
the Fs one red plant again segregated in this manner, another red segregated for 
salmon in the proportions of 3 red : 1 salmon, while the third red did not segregate. 
Of the three salmon plants selfed in this generation two segregated for salmon- 
yellow in the proportions of 3:1, while the third bred true, as did also the only 
salmon-yellow plant selfed. In the F4 the salmons either segregated for salmon- 
yellow or bred true. The two salmon-yellows that were selfed bred true. 

These results, together with those from the crosses 38610, 39525 and 39583 
summarized at the bottom of Table VII, clearly demonstrate the difference in one 
gene between red and salmon, red and salmon-orange, salmon and salmon-yellow, 
salmon-orange and salmon-yellow, but a difference of two genes between red and 
yellow. The presence of orange and yellow indicated segregation for the i gene 
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TABLE VII 








PROGENY 





PARENTAGE 


GENERATION 





33511-3, red 
SPECTRUM SUPREME, red 
38187-10, salmon 


34520 — 33511-3 x SPECTRUM SUPREME 
34520-3, red 

34520-6, red 

34520-10, red 

34520-17, red 

34520-17-2, salmon 44 
34520-17-5, red 53 
34520-17-6, red 78 
34520-17-8, red 79 
34520-17-16, salmon 31 
34520-17-19, salm. yel. 12 
34520-17-35, salmon 36 
34520-17-35-1, salmon 34 
34520-17-35-2, salmon 28 
34520-17-35-12, salm. yel. 23 
34520-17-35-31, salm. yel. 27 


38610 = 34520-6 x 34520-17-35 24 
Two plants 254 
F, x 34520-17-35-2 119 
F, x 34520-17-35-12 58 





39525 —-17-35-1 x 17-35-12 55 





39583 — 34520-6 x 38189-10 12 12 
Three plants F, a t “ze 224 : 50 























(see under III). Chemical determinations have shown the anthocyanin in both 
red and salmon to be a monoglycoside of pelargonidin, but in different concentra- 
tions (Geissman and Mehlquist, ’47). The genes corresponding to these different 
concentrations have been designated S and s respectively. Red, or scarlet as this 
color often is called in commercial carnation culture, may thus be designated by 
the genotype Y I AS while salmon would be YI As. 

Results from a similar cross are summarized in Table VIII. The Fo segrega- 
tions here are in the same proportions as those just discussed, but one of the genes 
involved is different. The presence of yellow and orange-yellow again indicates 
segregation for the i gene. The presence of white but absence of pale yellow in- 
dicates segregation for a gene of the A locus. All the whites from this cross had 
from one to many narrow red stripes. The yellows were at first recorded as pure 
yellow but a closer examination revealed occasional faint reddish stripes. No such 
stripes were ever found in the orange-flowered group. When a yellow from this 
cross was mated to a red from a line in which no reddish stripes had ever been 
observed (cross 38564, Table IX) all the whites in the Fy had occasional red 
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TABLE VIII 








PROGENY 





PARENTAGE RATIO 


GENERATION 


| 
| 








33506-3, red No P, 
33514-11, red 
34520-6, red | 157 


34518 — 33506-3 x 33514-11 } | 14 
Two plants, red 244 
Three plants, red | 236 
34518-1-1, orange i a? 
34518-1-12, white var. red eS 
34518-1-13, white var. red 26 
34518-1-14, yellow var. “i. 26 
34518-9-2, white var. red | 38 
34518-9-2 x 34518-1-1 35 
34518-1-14 x 34518-9-2 | | 2 
#1 from above cross 85° 
#2 from above cross 93 
#2 red mutant Ps 74 
34518-1-12 x 34518-1-15 | 9 
One plant from above ; 64 
Red mutant 3 66 











38546 = 34518-1 x 34520-6 a es 55 | 
38546-5, red Pi 49 | 13 83 | 9:3:3:1 
38546-6, red | : 65 15 80 3:1 

















* One plant of each of these lots produced red-flowered branches which were vegetatively propagated 
and then self-pollinated. 


stripes; most of the yellows had faint reddish stripes; but none of the orange was 
ever recorded as having them. For reasons discussed under section IV this gene 
for white with red stripes must be considered an allele in the A-a series. 

As in cross 34520 (Table VII) red differs from yellow in two genes whereas 
there is a single gene difference between red and white, red and orange-yellow, 
orange-yellow and yellow, and white and yellow. 

The red of cross 34518 was somewhat duller or more toward the salmon-red 
hue than the red from cross 34520. When crosses were made between reds from 
these different families the F,; plants were always dull red and in the Fy generations 
the deeper red of the 34520 line reappeared. However, adverse weather condi- 
tions made accurate classification difficult. Somewhat less than one-fourth of the 
progeny was classified as deep red, and of the remainder some were distinctly dull 
red and many appeared to be intermediate. Lately a still deeper red has appeared 
in one line derived from the cross 38579 (Table V). Again, this red totaled 
about one-fourth, whereas the remainder was apparently all the kind just discussed 
as deep red. For the purpose of reference, the red from cross 34520 has been des- 
ignated “standard” red, while the dull red, deep red, and any other red that might 
be met with in future work will be measured against this standard. 
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When the salmon-orange from 34520 was crossed to the orange from 34518 
the F; was orange and the salmon-orange reappeared in the Fe to the extent of 
about one-fourth of the total. When yellow from 34518 was crossed to salmon- 
yellow from 34520, the F; was orange and the Fo was approximately 9 orange 
to 7 yellow. The orange here contained orange, salmon-orange and what appeared 
to be intermediate shades. Likewise, the yellow group contained both clear 
yellow and salmon-yellow. 

The single gene difference between dull red and standard red, between standard 
red and deep red, as well as between orange and salmon-orange might be due 
either to different alleles of the S gene or to an independent modifying gene 
determining the intensity of the anthocyanin. However, when crosses were made 
between various derivatives of crosses 34518 and 34520 (Table IX) all the F, 
were dull red and the Fe. included not only dull red and deep red but also salmon. 
From these observations it must be concluded that the varying shades of red are 
not due to multiple alleles of the S gene but rather to an independent modifying 
gene influencing the concentration of the anthocyanin. Further work is necessary 


TABLE IX 








PROGENY 





PARENTAGE TOTAL RATIO 


Zz 
° 
= 
5 
< 
x 
= 
Z 





Salmon 





34520-6-12, red 
34520-17-16, salmon 
34520-17-19, salm. yel. 
34520-17-35, salmon 
34520-17-35-12, salm. yel. 
34518-1-12, white var. red 
34518-1-14, yellow var. red 
34518-1-17, orange 
38565-2, white var. red 3:1 


38566 — 34518-1-14 x 34520-17-35 3:1 
Two plants, red 27:9:12:16 
Two plants, orange 


38574 = 34520-17-16 x 34518-1-12 
Two plants, red 
Six plants, red 


38574 — 34520-17-16 x 34518-1-17 
Two plants, red 
One plant, red 


38564 — 34518-1-14 x 34520-6-12 
Two plants, red 





39504 = 39520-17-19 x 38565-2 , . 30 62 


























39554 — 34520-17-35 x 38565-2 ’ q 33 72 





* These yellows were lightly variegated red. 
** The field conditions did not permit accurate separation of yellow from orange. 
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before the gene or genes causing these differences can be properly identified. 
The results, summarized in Table IX, in all other respects confirm the con- 
clusions based on the data from Tables VII and VIII. 


aa. Pelargonidin Diglycoside Colors.— 

In Table X are summarized the results of the crosses made between red and 
deep pink, red and light pink, light pink and deep pink, and salmon and deep 
pink. One of the crosses between red and salmon from Table VII is included for 
comparison. It is evident that deep pink and light pink differ from red and salmon 
respectively in one gene and that deep pink differs from salmon in two genes, the 
salmon being the double recessive while deep pink is the double dominant. 

Chemical determinations have shown that the deep pink and light pink are due 
to a pelargonidin which is not a monoglycoside, as was red and salmon, but a 
diglycoside. Thus the gene that differentiates deep pink from red and light pink 


TABLE X 








PROGENY 





PARENTAGE 














33002-3, deep pink 
37117-37, light pink 
34520-6-12, red 
34520-6-13, red 
34520-17-16, salmon 
37010-1-12, salmon 


‘yoy ty oy | GENERATION 


38610 = 34520-6-13 x 34520-17-16 
Two plants 
F,; x salmon parent 


Rin 


39583 — 34520-6-13 x 37010-1-12 
Three plants 
F,; x salmon parent 


Binm 


38609 — 34520-6-13 x 34002-3 
Six plants 
F, x red parent 


arm 


38621 —37117-37 x 34002-3 
Three plants 
F, x light pink parent 


Rrm 


38620 — 33002-3 x 34520-17-16 
Two plants 
F, x salmon parent 


Rrnm 


38597 —37117-37 x 34520-6-12 
Four plants 
F, x salmon (34520-17-16) 


ann 


38622 — 34520-6-12 x 37117-37 
Two plants 
F, x salmon (34520-17-16) 


























Bnm 
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from salmon apparently does so by causing the development of a diglycoside in- 
stead of a monoglycoside. This gene has been designated M. Then the genotype 
of deep pink is YI ASM, light pink YIAsM, red YIAS~m and salmon 
YIAsm. The diglycosidic anthocyanin apparently is less stable than the cor- 
responding monoglycoside, for in strong sunlight deep pink and light pink bleach 
much more than red and salmon. In fact, under California field conditions, the 
light pinks often bleach to almost white whereas the salmons retain their color 
fairly well. 

The same differences in intensity of color noted for the reds and salmons 
obtain in the deep pinks and light pinks. In all probability, the same genes are 
responsible for the differences in both series of colors. 


b. Cyanidin Monoglycoside Colors.— 

Table XI gives the results of crossing red with crimson. Unfortunately, 
neither of the crimson plants used as parents was homozygous for crimson but 
the fact that the Fy progenies contain variegated individuals as well as crimson 
and red does not obscure the monogenic relationship between these two colors. 
Only one cross between salmon and crimson is available so far. The crimson was 
heterozygous for maroon-variegated-crimson and the salmon was heterozygous for 
salmon-yellow. As shown in Table XII, the F, consisted of 21 crimson and 4 


TABLE XI 








PROGENY 





PARENTAGE 





GENERATION 
var. crimson 


Crimson 
Maroon 





34520-6-13, red 
37107-2, crimson 
37107-3, crimson 17 
37107-3-9, maroon var. crimson 
37107-3-20, crimson 39 
37107-3-24, crimson 29 


38581 = 34520-6-13 x 37107-2 13 
38581-13, crimson P 62 
38581-21, crimson 105 
38581-22, red 
38581-23, crimson sy 115 
38581-13 x red parent 26 
38581-21 x red parent 26 


38582 = 34520-6-13 x 37107-3 14 
38582-2, crimson 2 72 
38582-8, crimson 152 246 


39516 = 34520-6-13 x 37107-3-9 16 16 
Two plants, crimson Py 64 20 20 110 | 9:3:3: 90 
39516-1 x variegated parent 39 11 37 96 | 3:1: 75 





























*Complete P; segregation for 37107-2 was 35 crimson, 8 red, 8 maroon var. crimson, 2 orange 
var. red, 10 lavender, 2 salmon. 
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maroon-variegated-crimson. Only two crimsons and one maroon-variegated- 
crimson were selfed. As both the maroons and the variegated types are members 
of the transition group, only crimson, red and lavender need to be considered 
here. Although the proportions of lavender and salmon are somewhat too small, 
the reasonably good fit to a 9:3:3:1 ratio suggests that two pairs of independent 
genes are involved. The back-cross 39552, although small, supports this hypoth- 
esis. Since the genotypes for red and salmon are respectively YI AS and YIAs, 
the genotype for crimson and lavender may be written YI ASR and YIASR, 
the gene for crimson being designated by R. When three lavender plants from 
this cross were selfed, they segregated for salmon in the proportions of 3 lavender 
to 1 salmon, and when lavender was crossed to red the F, result was crimson. 
This is just what would be expected on the basis of the genotype suggested. 

The anthocyanin in both the crimsons and the lavenders has proved to be a 
monoglycoside of cyanidin. The function of the R gene then apparently is the 
production of cyanidin to the exclusion of pelargonidin, whereas in the presence 
of r pelargonidin only is produced. 


bb. Cyanidin Diglycoside Colors.— 

When a crimson that was heterozygous for maroon-variegated-crimson was 
crossed to a homozygous deep pink the F, generation was magenta-purple (Table 
XIII). The anthocyanin present in this magenta-purple proved to be a diglycoside 
of cyanidin. Thus, the gene M introduced through the deep pink parent functions 
also here as a modifying gene concerned with the development of the correspond- 


ing diglycoside. The independence of M with respect to R and § is clearly shown 
in Table XIII. The only genotype left in this series which has not been accounted 
for is YI AsRM. This was produced by crossing light pink YI AsrM with 
lavender-pink YI AsRm. The F; appeared to be slightly paler than the lav- 
ender-pink parent but in the Fy generation it was impossible, by inspection, to 
separate accurately the plants having M from those having the recessive allele m, 
but chemically they proved quite distinct. All plants with the gene M contained 


TABLE XIII 








PROGENY 





PARENTAGE 


GENERATION 


var. crimson 


Crimson 
Maroon 





33002-3, deep pink 
34520-6-12, red 
37107-3, crimson 


38603 — 37107-3 x 33002-3 
38603-2, purple 

38603-8, purple 

38603-9, purple 

Total for -8 and -9 
38603-8 x 34520-6-12 
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a diglycoside while those with its recessive allele m contained the corresponding 
monoglycoside. 
Ill. THE TRaANsITION GROUP 

The results summarized in Table VII show that salmon-yellow differs from 
red in two genes, but only in one gene from either salmon or orange. One of 
these genes must be i, as otherwise yellow could not be expressed since I has been 
shown to be epistatic to Y. The other gene must be s, since this yellow could be 
obtained as a segregate by selfing salmon heterozygous for 7. The genotype of this 
yellow then must be YiAs, and since salmon has already been shown to be YI Ass, 
the only genotype possible for salmon-orange is YiAS. On the basis of these 
genotypes all segregations shown in Table VII are possible. 

The yellow in Table VIII likewise differs from red in two genes. For the 
reasons stated in the preceding paragraph one of these genes must be i. The other 
could be an allele of A since segregation also took place for white, or near-white, 
but no pale yellow; it might also be a new gene. However, when white-variegated 
red plants from this source were crossed to plants known to be YI a4 or yla the 
F, were always white-variegated red or white-variegated deep pink, but when 
they were crossed to yI A plants the F, progenies were fully anthocyanin-colored 
and segregated in the Fs in the proportions of 9 A-colored : 3 white-variegated : 
4 white. This second gene then must be a member of the A-a series. The geno- 
type for this yellow might tentatively be represented thus: Y # a" S. 

When this yellow was crossed to the salmon-yellow from 34520 the resulting 
F, was intermediate between the salmon-orange of 34520 and the orange-yellow 
of 34518 but more like the latter. The Fy consisted of apparently 9 orange to 7 
yellow. The orange group contained orange-yellow, salmon-orange, and what 
appeared to be intermediate shades. The yellow group likewise contained both 
yellow and salmon-yellow. Most of the clear yellows had faint reddish stripes but 
none were found on any of the salmon-yellows or on any member of the orange 
groups. 

Chemical determinations made on different salmon-oranges and orange-yellows 
showed that the color in both groups was due largely to a non-anthocyanin sub- 
stance plus a small amount of anthocyanin probably of the pelargonidin groups. 
However, it has not yet been possible to determine whether or not the difference 
between these groups is due to a difference in concentration of one or both 
pigments. 

When salmon-yellow and orange were obtained as segregates from crimson and 
purple (Table XII), segregation for two other members of the transition group, 
maroon and pale maroon, also occurred in proportions suggesting a ratio of 9 
maroon : 3 pale maroon : 3 orange : 1 yellow. On subsequent selfing some of the 
maroons repeated this segregation, but pale maroon and orange, on selfing, either 
bred true or segregated for salmon-yellow only. The genotype of the maroon 
must therefore be Yi AS R, and the pale maroon YiAsR. Chemical determina- 
tions have shown these colors to be due to a combination of anthocyanin, probably 
of the cyanidin type, and a non-anthocyanic substance. 
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Whether or not a member of the transition group has the M or m allele cannot 
be determined except by genetical tests. The amount of anthocyanin is evidently 
so small that the difference between a mono- and a diglycoside cannot be deter- 
mined by inspection. 


IV. THE VARIEGATED GRouP 


a. Random Narrow Variegation 

The first type of variegation to appear in these studies was that shown in pl. 9, 
figs. 5 and 6. We have termed it random narrow because of the narrow, well- 
defined stripes which are more or less randomly distributed, although they some- 
times tend to be concentrated toward the distal ends of the petals. Variegated 
lines show considerable variation in the amount of striping, from an average of 
less than 1 stripe per petal up to as many as 20 or more. Occasionally a whole 
petal or even a whole flower is colored. The color of the stripes is determined by 
the genotype of the self-colored normal type from which segregation takes place; 
that is, if this type of variegation segregates from a red-flowered line the stripes 
are red, from a deep pink line the stripes are deep pink, and so on. Variegation of 
this type has been obtained from all of the anthocyanin colors. The background 
color is ordinarily white though it may be yellow. If yellow, the stripes are usually 
so faint that they often escape attention unless the flowers are carefully examined. 

Whenever this type of variegation has segregated from normal self-color the 
proportions have always been such as to indicate a monogenic difference between 
variegation and self-color. All individuals variegated on white ground that have 
been selfed have either bred true or segregated for pure white, or yellow faintly 
striped with the same anthocyanin color or one recessive to it (see Table VIII). 
The results from crossing plants with this type of variegation with plants of 
known genotypes are shown in Table XIV. 

Although the Fy data from the crosses listed in Table XIV are as yet very 
meagre, they do support the hypothesis alluded to in sections Ib and Ila, namely, 
that this type of variegation is due to a gene which is allelic to the A-« pair. That 
is: A = full color, ¢ = pure white; while 4’ permits the development of fully 
colored narrow stripes of anthocyanin on white background, or, in conjunction 
with i, faintly colored stripes on yellow background. The monogenic relationship 
between full self-color and white-variegated is definitely demonstrated by the 
crosses summarized in Table VIII. 

Apparently different alleles of a”°” exist, or the expression of this gene is 
modified by other genes, for through selection it has been possible to select lines of 
white-variegated that differ only in the amount of variegation. When such lines 
have been intercrossed the F, generations have generally been intermediate, but in 
the Fo generations the variegation range sometimes exceeded that of both parents. 
That is, in the Fy from a cross between heavily variegated and lightly variegated 
the range was extended from very lightly to very heavily variegated. This increase 
might be due only to natural variation in the expression of the gene for variega- 
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TABLE XIV 











RESULTS 





Unknown 


Color Genotype 


White variegated red x White ylASrm Red 
*1 ee at cae yIASRm Crimson 
yl ASrM Deep pink 
ylaSrm White var. red 
YIaSRm ” crimson 
YIaSrM ” deep pink 
ylaSrm ” red 
ylaSrM * deep pink 
Orange YiASrm Red 
” YiASrM Deep pink 
Salmon-yellow YiAsrm Red 
Yellow YiaSrm White var. red 
” YiaSrM ” ” deep pink 
x Pale yellow yiaSrM o ” deep pink 
x White ylASrm Red 
Bee YlaSrm White var. red 
x Orange YiASrm Orange 
x Yellow YiaSrm Yellow var. red 
x Pale yellow yiaSrM »: ” pink 











He M eee OO 





* These yellow-variegated-red were only faintly variegated but the F; with YlaSrm was quite well 
striped with red. All the yellow-variegated-red plants that were used in these crosses were 
segregates from red. 


TABLE XV 











RESULTS 





Unknown 
Color Genotype 











Red YIASrm Red 
Orange YiASrm Orange var. red 
Maroon YiASRm Maroon var. crimson 
Yellow YiaSrM Orange var. deep pink 
Pale yellow yiaSrM Orange var. deep pink 
Red YIASrm Crimson 
Orange YiASrm Maroon var. crimson 
White var. crim. YIavorsRm Crimson 
Yellow YiaSrM Yellow var. white 
Orange YiASrm Orange var. deep pink 
Maroon YiASRm Maroon var. purple 
Crimson YIASRm Purple 
White yl ASrm Red 
* ylASRm Crimson 
YlaSrm 
YIaSrM 
ylaSrM 
White var. red YIa’°rSrm 
. yl ASrm 
” YlaSrm 
ylaSrM 
Yellow var. red Yia’orSrm Yellow var. white and red 


Orange variegated red 
” ” ” 


crimson 


white 


” 


Pe 
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tion, or it might be the result of other genes modifying the expression of the 
variegation gene. 

F, generations between homozygous white-variegated and pure white (a-white) 
have always been white-variegated. The limited Fo generations that have been 
grown so far from such crosses have indicated segregation for one or two genes 
although usually there tends to be an excess of whites. This excess is probably 
due to the bleaching of the anthocyanin stripes under field conditions. At any 
rate, plants that have been classified in the field as pure white sometimes proved 
to be variegated when transferred to the greenhouse during the fall and winter. 
Two such plants selfed in the greenhouse segregated for pure white, so it must be 


var 
assumed that they actually were of the <— genotype. 


The crosses summarized in Table I are of interest in this connection. The 
plant 37054-6 was a pure white that had remained so under all conditions in or 
out of the greenhouse. When it was crossed to a yellow faintly variegated pink 
the F; (30 plants) was white with deep pink stripes. In the Fo generation it was 
impossible to separate definitely the variegated and non-variegated in the yellow 
group but in the white group considerable care was taken to check the plants from 
time to time in order to ascertain the exact proportion of variegated individuals. 
The final count of 95 variegated to 85 non-variegated indicates segregation for 
two genes giving a 9:7 ratio. 

The plant 37054-6, on the basis of its behavior in other crosses (see Table V), 


must be assumed to be of the ; Ae genotype. The other plant (37075-14) was 


aSrM 
Yia"Srm 


Yia""Stm 
cross the following genotypes: 9 Y a": 3 Ya: 3 ya" : 1 ya, of which only the 
first should be variegated. 

Another pure white plant 37109-1 was crossed to a pure yellow, probably of 
the genotype a . The result (40522, Table I) was 13 white-variegated and 
14 white. As in the previous cross it was impossible to classify the yellows in the 
Fy generation into variegated and non-variegated plants, but in the white group 
from selfing two variegated plants, 48 were classified as variegated and 30 as non- 
variegated, again indicating segregation for two genes. The one non-variegated 
plant that was selfed produced non-variegated plants only. From other 
crosses it had been established that the most likely genotype for 37109-1 was 
ylarSrM 
yla srm’ 
genotypes. When this white was crossed to another yellow which, as far as can 
be ascertained, was also of the genotype Yia, the F; contained 27 lightly varie- 
gated to 18 non-variegated. In the Fg there was a, considerable deficiency in the 
variegated group which in all probability was due to bleaching so that some 
lightly variegated plants were classified as white. When the same white was 


Therefore, with respect to variegation we should expect from this 


The results obtained from this cross are in agreement with these 
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crossed to homozygous red (crosses 38580 and 28625, Table VI) lightly varie- 
gated individuals again occurred in the Fo, but, as may be seen from the table, 
the variegated proportion is less than expected. The same occurred when MAINE 
SUNSHINE, a commercial yellow variety, was crossed to red (cross 38637, Table 
II) or to a white of the y-type resulting in a deep pink F, (cross 50584, Table 
IV). In either case lightly variegated individuals occurred in the Fo generation 
but in somewhat smaller proportions than would be expected on the basis of the 
genotype suggested. 


b. Random Broad Variegation.— 

This type of variegation (pl. 10, fig. 4) was first met with in crosses involving 
the commercial yellow carnation MAINE SUNSHINE. This variety, although gen- 
erally classified as a self-colored yellow, occasionally produces faint pink stripes 
such as described under IVa. It was therefore no surprise-to find individuals in 
the Fy with narrow stripes of full anthocyanin color on yellow or white ground. 
However, in addition many individuals were obtained with randomly distributed 
stripes that were much broader and less definitely delimited than in the random 
narrow variegation described above. The color in this type of variegation ranges 
from yellow striped with white up to maroon striped with purple. Thus this 
type of variegation is limited to the transition series. Now, since all the members 
of this series are ii, it seemed logical to assume that the gene responsible for this 
type of variegation may have been a multiple allele of the I-i series. 


The results of crosses between members of this variegation series and plants of 
known genotypes are shown in Table XV. Although the number of Fy» popula- 
tions raised to date from the crosses listed in Table XV are few, the results indicate 
that each member differs in one gene only from the corresponding self-colors. 
That is, maroon-var.-crimson behaves in a simple recessive with respect to crimson 
but as a simple dominant to maroon; orange-var.-red bears a similar relation- 


TABLE XVI 











RESULTS 





Unknown 


Genotype 








White flushed pink* YlaSrm Red or deep pink 
™ ed YlaSrM Deep pink 
YIaSRm Crimson or purple 
ylASrm White flushed pink 
ylASrM ” ” ” 
ylASRm purple 
ylaSrm pink 
ylaSrM < 
Yie--- Red or deep pink 
x Pale yellow yia--- White flushed pink 





*Ic is difficult distinguish between m and M types in this group. Except in heavily flushed 
individuals red and pink flush gives the same appearance. Some of the flushed plants used here 
had M, others m. 
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ship to red and orange. The only yellow-variegated-white that has been obtained 
so far showed a corresponding relationship to yellow and ¢-white. The cross to 
y-white gave full self color. The results obtained (Tables XI, XII, XIII and XV) 
are all compatible with the hypothesis that this type of variegation is due to a 
gene multiple allelomorphic to the I-i series. That is, I = full color; #” = broad 
random variegation; i = self-color of the transition series. 

The most interesting cross in this group is one between yellow broadly varie- 
gated white and yellow faintly variegated narrow red. Seven of the 17 F, plants 
were yellow faintly variegated red, but the other 10 had both broad white stripes 
and narrow pink stripes. Furthermore, where the two types of variegation over- 
lapped (that is, where the narrow stripes overlapped the broad) the narrow stripes 
were of a bright deep pink color; but when the narrow stripes were between the 
white stripes (that is, on yellow ground) they were as faint as in the parent from 
which they were introduced. Thus it is evident that wherever the white stripes 
do occur the conditions are the same as if the whole flower had been I instead of 
aa 


c. Picotee Pattern.— 

This variegation pattern (pl. 10, figs. 1-3) appeared in an F2 population from 
a cross between a commercial crimson (WOBURN) and a commercial white 
(MATCHLEss) of the y-series. The F; contained only 12 plants of which 3 were 


TABLE XVII 








PROGENY 





PARENTAGE 








33 
26 
27 
29 
23 


37030-6, white flushed red 
37079-18, white* 

37030-16, white var. red rand. nar. 
37078-11, ” ” ” »” ” 
38201-4, * oo =. . Ue! 


2 YY | GENERATION 


40529 = 38201-4 x 37030-6 
Three plants, red 


23 
278 


bee 


40532 — 37030-6 x 37078-11 
Two plants, red 


8 
112 | 9:3:4 


Ti Ti 
eo - 


40536 = 37030-16 x 37030-6 
Three plants, red 


19 
148 | 9:3:4 


*Ti] Ti 
s 


40548 = 37079-18 x 38201-4 
Three plants, deep pink 


22 
29 208 | 9:3:4** .65 


oo 


40550 — 37079-18 x 37078-11 F, 25 25 
Three plants, deep pink F, 73 27 9 31 140 '9:3:4** 45 





























*In the field this plant was pure white but under favorable conditions in the greenhouse the petals 
would show an occasional flush of anthocyanin. 


** The white and white-flushed were added. 
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TABLE XVIII 





PARENTAGE PROGENY 





PINK MATCHLESS, deep pink None 
WOBURN, crimson 163 self-colored, 39 white-variegated, 58 transition color | 260 
34535 — WOB. x P. MATCH. 7 self-colored, 2 white variegated, 3 transition color 12 
34535-2, purple 148 self-colored, 44 white-variegated, 49 transition color | 241 
34535-4, white var. purple 18 white var. purp: or crim., 4 whi var. red or pink, 11 wh. 33 
34535-4-6, white var. deep pink 47 white var. d. p., all with picotee pattern, 7 white 54 
34535-4-12, white var. crimson 72 white var. crimson, all with picotee pattern 77 














purple, 4 deep pink, 3 maroon-broadly-variegated-purple, 1 pale lilac-variegated- 
purple, and 1 white-variegated-pink. It is from the pale lilac-variegated-purple 
(Table XVIII) that all the lines with this pattern on whitish ground have been 
derived. 

This pattern occurs in all variations of intensity from the faintest suggestion 
to the deeply colored shown in fig. 1, pl. 10. When the pattern is strong either 
in extension or intensity of color, the background also becomes lightly colored. 
That is, if the pattern is red or deep pink the otherwise white ground becomes 
faintly colored pink, and if the pattern is crimson or purple the ground becomes 
pale lilac. Under field conditions this ground color often bleaches to white but in 
the greenhouse it usually remains. On clear yellow ground the pattern is very 


faint, often limited to a pale edge at the distal ends of the petals. The same pat- 
tern occurs in thé transition series (fig. 3, plate 10), but here it appears to be 
made up of broader stripes and blotches than when it occurs on whitish ground. 
Because most of the plants with this pattern have also had stripes typical of either 
the # or a” variegations, it was thought that perhaps this pattern was only 
expressed in # and 4% genotypes and that the apparently “pure” picotee pattern 


TABLE XIX 








PROGENY 





PARENTAGE 





40534 = 34535-4-12-1 x 37030-6 
Two plants, crimson 


mn -5| GENERATION 


40535 — 37030-6 x 34535-4-12-2 
Two plants, crimson 


Ti oi 
se» 


40546 — 37079-18 x 34535-4-12-1 
Four plants, purple 


“Ti Ti 
ar 


40580 — 34535-4-12-1 x 37079-29 
Two plants, purple 


ao 


40581 = 34535-4-12-2 x 37079-29 
Two plants, purple 























“Ti “Ti 
ae, 
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in reality was due to a relatively “low” allele of #” or 4, with a “high” allele 
of the gene determining the picotee pattern. 

In Table XIX is summarized the data from crosses between picotee pattern 
and y-whites. It is apparent that, with the exception of the crosses 40534 and 
40546, the segregation from full self-color is the same as if the genes in question 
were yf! and a", The results from the crosses 40534 and 40546 do not agree too 
well with the hypothesis but it was noted that the self-colored and white-flushed 
plants from these crosses were, on the average, much more vigorous than the 
variegated plants. The reason for this difference in vigor is not known. Among 
the variegated individuals there were some that appeared to be picotee only, others 
that were random narrow, while the majority showed both types of variegation. 
If one considers those that appeared to have only random narrow variegation 
against the remainder, the proportions for the five crosses are: 7:38, 6:21, 10:47, 
8:29 and 10:31, or 41:166 for all of them, which is approximately 14 of the total. 

The F, plants of each of the crosses between picotee pattern and random 
narrow variegation showed both types of variegation (Table XX). In the Fo 
generation there was segregation for both patterns. Since a heavy picotee pattern 
might mask the stripes of the other variegation pattern, it is safer to consider 
those having only random narrow variegation. By so doing it becomes evident 
that in four of the six crosses this variegation occurred in about 4 of the total 
number of plants. On the other hand, in the other crosses (40538 and 40540), 
only one plant of the four that were selfed segregated for random variegation. The 
plant 37078-11 that was used as one parent in these crosses came from a line in 
which weak picotee patterns had been observed and, although this plant had been 
classified as having random variegation only, it is possible that it also had a weak 
picotee pattern. It was not possible to check on this as the plant was no longer 
available when the difference among these crosses became apparent. 

A white-flowered plant (39024-26) obtained from a lavender line segregating 
for white (40 lavender:11 white) was crossed to a pure-breeding white whose 
genotype had been determined to be YI aSrm. The result was 15 F, plants, all 
of which were variegated crimson on white ground, 3 with random narrow varie- 
gation, and 12 with both random and picotee patterns. Two F, plants that 
plainly showed both types of variegation were selfed. In the Fo generation of 96 
plants, 60 were variegated while 36 were white. Of the 60 variegated plants, 12 
were classified as having picotee pattern, 18 random variegation, and 30 with both 
random and picotee. The proportion of 60 variegated to 36 non-variegated sug- 
gests a 9:7 ratio or segregation for two genes probably y and «. If this is correct 
the white extracted from the lavender line must have been of the genotype 


Y I aver 
y Ia’ so that the F, plants weer = . This genotype would account for 


the segregation of variegated and white in approximately 9:7 proportions. The 
ratio between all the plants showing the picotee and those with the random type 
variegation is 42 to 18, suggesting that the F, plants were heterozygous for a 
dominant gene capable of producing the picotee pattern only in the presence of 





[Vor. 34 
ANNALS OF THE MISSOURI BOTANICAL GARDEN 


TABLE XX 








PROGENY 





PARENTAGE White var. crimson| White var. red 








+ 
—= 





40537 = 37030-16* x 34535-4-12-2** 
40537-11 
40537-16 


13 
16 


nt xy 3) | GENERATION 


40538 — 37030-16 x 34535-4-12-3 
40538-2 
40558-4 


40540 — 37078-11 x 34535-4-12-1 F, 
40540-6 F, 
40540-9 F, 


40542 — 37078-11 x 34535-4-12-1 F, 
40542-8 F, 
40542-10 F, 


40577 = 34518-1-14*** x 34535-4-12-1 Fy 
40577-9 F, 
40577-19 F, 


40578 — 34518-1-14 x 34535-4-12-2 F; 
40578-2 F, 1 
40578-8 F: 





























*For P; data on 37030-16 and 37078-11 see Table XVII. 
** For P, data on 34535-4-12-1, 12 and 13 see Table XVIII. 
*** For P, data on 34518-1-14 see Table VIII. 


another variegation gene, in this case a”. 

When a plant having flowers that were orange variegated with red picotee 
pattern was crossed to a white-variegated-red of the random narrow type, the F,; 
of 21 plants consisted of 11 red self-colored plants and 10 with white flowers 
variegated red with both random and picotee patterns. No Fo generation has yet 
been grown from this cross. 

Much more work is needed before the exact inheritance of the picotee pattern 
will be known. The best hypothesis that can be made at this time is that it is 
determined by a dominant gene non-allelic with the other variegation genes dis- 
cussed and capable of producing its characteristic pattern only in the presence of 
either #" or a’°*. For purposes of identification this gene will be designated Pic. 


d. Salmon-Red Variegation.— 

This type of variegation was first found on salmon ground but has since oc- 
curred on every member of the s series, that is, salmon, light pink, and lavender. 
It is the most erratic of the different types of variegation encountered in this study. 
Red variegation on salmon ground is the only color that has been studied for the 
inheritance of this feature, all the data pertaining to this variegation in other 
colors having been derived incidentally from crosses made for other purposes. The 
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origin of this type of variegation, as far as this study is concerned, can be traced 
to the commercial variety sPpECTRUM. This variety has been found in these 
studies to be heterozygous for yellow and salmon. Thus the genotype is 


_ It is of a rather dull red color. During the 20 years that it has been 


widely grown, it has produced at least one mutation toward a deeper, more at- 
tractive red which has largely replaced the parent variety. It is known in the 
trade as SPECTRUM SUPREME. A salmon mutant, also widely grown commercially 
and known as SALMON SPECTRUM, has occurred several times. This salmon 
mutant in turn frequently mutates back to red, but most of these mutations are 
limited to a few red stripes or sectors of individual flowers only rarely involving 
whole flowers. Other commercial salmon-colored varieties known to be genetically 
related to SPECTRUM, such as CHARM, LADDIE and SURPRISE, frequently mutate to 
red in the same manner (pl. 10, figs. 5, 6). 


TABLE XXI 








PROGENY 





PARENTAGE 


GENERATION 


Salmon 





PINK ABUNDANCE, deep pink 
SPECTRUM, red 

SURPRISE, salmon 
34520-6-13 


33503 —= SURPRISE x SPECTRUM 
33503-2, salmon 


33514 = PINK ABUND. x SPECTRUM 
33514-20, salmon var. red 


34509 — 33514 x 33503-2 
34509-3, salmon var. red 
34509-5, salmon var. red 
34509-10, salmon var. red 
34509-12, salmon var. red 
34509-11, red 

34509-14, red 

34509-10-1, salmon var. red 
34509-10-1-1, salmon var. red 
34509-10-1-2, salmon var. red 


34509-10-1-2 x 34520-6-13 
Plant #1 

Plant #2 

Plant #3 

Salmon from #2 

Salmon from #3 





























* The ratio is based on self-color versus variegated. 
** Less than .01. 
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In Table XXI are shown the crosses of particular interest in connection with 
this type of variegation. The cross 34509 indicates that this variegation is a sim- 
ple recessive to full self-color. The other crosses show that such is the case. On 
the other hand, nearly all the salmon-variegated-red plants that have been selfed 
have given more salmon selfs than was expected on the basis of a single gene dif- 
ference. However, some salmon plants extracted from such progenies in the next 
generation produced again a majority of salmon-variegated-red plants, as if they 
in reality had been salmon-variegated-red. This irregular behavior and the fact 
that most of the spontaneous occurrences of this type of variegation have been 
limited to a few stripes or sectors involving only one or two petals indicate that 
such variegation is due to some instability of the s gene or to some other gene 
capable of causing the s allele to mutate to S. That it is the s gene which mutates 
is evident by the variegation being limited to the s-series. In order to identify 
this gene for further studies it will be designated s**. There is no evi- 
dence that the gene for picotee pattern, discussed in the preceding section, has any 
effect on this gene. 

Discussion 

As far as we are aware, the only previous published data on the inheritance of 
flower color in the carnation, aside from the preliminary report by the senior 
author in 1939, is that of Connors (’14). From the results of a cross between a 
commercial white and a commercial yellow carnation, he concluded that white 
was dominant to yellow and red, and yellow in turn to red. Our results show that 
he was right in concluding that white is dominant to yellow (actually epistatic) 
but not as to white and yellow being dominant to red or pink. The appearance 
of red or pink stripes on white or yellow flowers from selfing what was supposed 
to be pure whites, in all probability, was due to mis-classification of the F, plants. 
In fact, Connors himself stated that at the end of the season the yellow parent, 
JAMES WHITCOMB RILEY, produced some flowers that were streaked with red. 
That places this parent in the variegated class. The white parent, WHITE PER- 
FECTION, must have been homozygous for 4, as otherwise the F; generation would 
have been anthocyanin self-colored. One of the parents must have been heterozy- 
gous for y, as otherwise no pale yellow or cream-colored individuals would have 
occurred in the Fy generation. If one assumes that the yellow parent was homozy- 
gous for a”’ the results are entirely compatible with the genotypes suggested by 
this study. The whites obtained in the F, were probably lightly variegated but 
grown under conditions unfavorable for the production of this variegation. Under 
field conditions in California it was found necessary to check the populations sus- 
pected of variegations several times during the year to be reasonably certain that 
plants classified as whites were actually white. 

The genotypes suggested here are in many respects similar to those suggested 
for other plants. As Wheldale found in Antirrbinum majus (’10), Lawrence and 
Scott-Moncrieff in Dahlia variabilis (’35), and Buxton in Primula acaulis (’32), 
two genes are concerned with the production of the anthoxanthins in the carna- 
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TABLE XXII 








PROGENY 





PARENTAGE 


red or pink 
and yellow 


Yellow var. 











var. d. pink 
Light pink 


Deep pink 
Light pink 





< 


“ & | Pale yellow 


_ 
= 


MAINE SUNSHINE, yellow 


37109-1, white 
34520-17-35, salmon 
34520-17-35-2, salmon 


~ 


i 
= 


~ 
o 


39571 = 34520-17-35-2 x 37109-1 
Two plants, salmon 

Two plants, salmon var. red 
One plant, light pink 34 
Two plants light pink var. deep pink 47 


38629 —=M. S. x 34520-17-35 19 
Two plants, yellow var. 
One plant, light pink 81 9:3:4:** 
One plant, light pink 56 27:21:16 
One plant, light pink var. deep pink 29 27:21:16 


38638 = 34520-17-35-35 x M.S. 4 
Two plants, yellow var. 
One plant, light pink 80 
One plant, light pink var. deep pink F, 23 14 















































* The ratios for the cross 39571 are based on A-color versus white. 
** The ratios for the crosses 38629 and 38638 are based on A-color: white: transition color. 
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tion, Y with yellow and I with ivory (white). As in Antirrhinum, | is epistatic 
to Y, but plants with the allele y are white only in combination with I. In com- 
bination with the recessive allele i they are of a pale yellow which in strong sun- 
light may bleach to cream. As in Antirrhinum majus, Primula acaulis, Tropaeolum 
majus (Scott-Moncrieff, 36), and Pharbitis nil (Hagiwara, ’32), only one gene A 
is concerned with general anthocyanin production. Plants homozygous for @ in 
the presence of I are pure white, as is also yI a. Plants with yI A usually have 
colored anthers, tips of stigmas, leaf bases and nodes and, under favorable condi- 
tions, a trace of anthocyanin in the petals. The gene S$ determines the concentra- 
tion of the anthocyanin, permitting full intensity, while in the presence of its 
recessive allele a much smaller amount of anthocyanin is formed, resulting in a 
series of pale colors. One, perhaps two, as yet unidentified dominant genes further 
suppress the amount of anthocyanin. As in the China- Aster (Callistemma 
chinensis (L.) Skeels) studied by Wit (’37), the gene M controls the glycosidic 
type of the anthocyanin. In all genotypes with M the number of sugar molecules 
attached to the anthocyanidin molecule is two, in genotypes with m, only one. 


TABLE XXIII 
SUMMARY OF GENOTYPES AND PHENOTYPES FOR SELF-COLORED CARNATIONS 








Genotypes Phenotypes 





Magenta-purple 

Crimson 

Deep pink 

Lavender 

Scarlet, red 

Lavender* 

Light pink 

Salmon 

White petals, anthocyanin-colored anthers and stigmas*** 
Pure white petals, white anthers and stigmas 
Pure white petals, white anthers and stigmas 
Maroon 

Maroon 

Orange 

Pale maroon 

Orange 

Pale maroon 

Salmon-yellow 

Salmon-yellow 

Yellow 

Pale yellow 

Pale yellow 


nu *an% wo 
Wx Ra wR 
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Fle dati 
an 
* 


R~ Ba wR, 
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pat ar nee 
ee 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 


YIA 
YIA 
YIA 
YIA 
YIA 
YIA 
72 
YIA 
yIA 
7, 3<@ 
ylae 
YiA 
YiA 
YiaA 
7s 
YiaA 
YiaA 
YiaA 
7¢t& 
Yia 
yiA 
yia 





* This lavender cannot be distinguished from M lavender except by breeding tests. The same is 
true for maroon, pale maroon, and orange. 
** Any allele of SR M may be substituted for-—— without change in appearance. 

*** Under favorable conditions the petals also may be faintly flushed with anthocyanin. The kind 
of anthocyanin will depend on the specific genotype but only the pink-red series with r and 
the crimson-magenta series with R can be recognized by inspection. Whether the plants have 
m or M cannot be determined with certainty by inspection. 
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Also, as in Aster, the gene R determines the kind of anthocyanin. In genotypes 
with R the product is cyanin, whereas with r it is pelargonin only. 

The inheritance of flower variegation in the carnation needs further study. 
The more or less continual outcropping of variegated individuals in crosses made 
to study self-colors was at times quite a nuisance, but now that the main genes for 
the self-colors are established and the connection between them and the genes for 
variegation are at least partly known it will be easier to plan the required critical 
crosses necessary to complete the picture. All of the genotypes possible with the 
genes identified so far are listed in Tables XXIII and XXIV. 

It is of interest that all of the flower color genes identified in this study ap- 
parently also are concerned with the general vigor of the plants. The recessive 
types have been, on the average, less vigorous than the corresponding dominants 
and the multiple recessives definitely weaker than the multiple dominants. 

The genes I and M are of particular interest in this connection. Plants with 
i (that is, yellows) and members of the transition series are usually quite deficient 
in the cuticular waxy material responsible for the bloom or glaucousness of the 
leaves and stems. Plants with # are generally somewhat better in this respect 
but still deficient. This deficiency seems to be of relatively little consequence in 
the greenhouse but out-of-doors, especially in hot and dry weather, the plants are 
much harder to grow. Probably this deficiency in cuticular wax means less 
protection against excessive transpiration. 

By selection it has been possible to obtain i plants with so much more glaucous- 


ness that they are indistinguishable from I plants in the greenhouse and do very 
well under most field conditions. However, all these plants also have M. Every 
selection made among # m plants has been definitely inferior to the best selections 
from the iM group. It would appear therefore that the dominant allele of M, or 
genes associated with it, can in part make up the deficiency in glaucousness caused 
by i. 


TABLE XXIV 
SUMMARY OF GENOTYPES AND PHENOTYPES FOR VARIEGATED CARNATIONS 








< 


Random Narrow Variegation 


avar SRM 





White with narrow stripes purple 
” »” »” ” crimson 
deep pink 
lavender 
red 
lavender 
light pink 
salmon 
White 
Yellow with na purple 
” ” ” crimson 
deep pink 
lavender 
red 
lavender 
light pink 
salmon 


SSA AE NS ASS A nt a A nt 


Pale yellow 
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IVb. Random Broad Variegation 





Maroon with broad stripes of purple 

” ” ” ” ” crimson 
Orange with broad stripes of deep pink 
Pale maroon with broad stripes of lavender 
Orange with broad stripes of red 
Pale maroon with broad stripes of lavender 
Salmon-yellow with faint broad stripes of pink 
Salmon-yellow with faint broad stripes of pink 
Yellow with broad stripes of white 
Pale yellow 
Pale yellow 


SS 
HUM 





IVc. Picotee Pattern—This pattern can presumably be superimposed on any #¥@?- or a41- genotype 
by the gene Pic. 





IVd. Salmon-Red Variegation 





Y I A s¥ar R M = Lavender with purple stripes 

Y I A s¥er R m = Lavender with crimson stripes 

Y I A svar ry M = Light pink with deep pink stripes 
Y I A s¥4r ¢ m = Salmon with red stripes 





IVe. Flushed Variegation 





S R M = White flushed magenta-purple 
7 i crimson 
deep pink 
lavender 
red 
lavender 
light pink 


salmon* 


IA 
IA 
IA 
IA 
IA 
1A 
IA 
IA 
Ila 


[at Rrra Pm 
1aRPIsIaRF 


WU a 


White 
Pale yellow flushed deep yellow to orange 
Pale yellow 





Mixed types of Variegation 





Y ivar gvar — — —~ = Yellow with broad stripes of white and narrow stripes of any antho- 


cyanin color depending on specific genotype. 

yfl I gvar ~~ -— = White, or white flushed with anthocyanin, depending upon relative 
“strength” of the alleles. 

yfl jvar A -—- - Not known. 





* The “flushed” phenotypes, lavender, light pink, and salmon, cannot be distinguished except by 
breeding tests. 


SUMMARY 


Six independent genes for self-colors in the carnation have been identified. 
Their functions may be summarized as follows: 

Y controls the production of yellow anthoxanthin. It-is hypostatic to I. In 
the presence of the recessive allele y, only a limited amount of anthoxanthin 
is developed, resulting in pale yellow or cream-colored flowers. 

I controls the production of ivory-white anthoxanthin. It is epistatic to Y. 
The recessive allele i permits the production of yellow anthoxanthin. 

A is the basic gene for anthocyanin. It is fully effective only in combination 
with Y and I. In combination with i only a small amount of anthocyanin 
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is produced, resulting in a series of pale colors on yellow background (the 
transition series). In the presence of the recessive allele 4 no anthocyanin 
is produced. The interrelationship of these three genes is shown by the 
following genotypes: 


27 Y I A = full anthocyanin self-color. 
9 y I A = white or near white. 

9 Y I a = pure white. 

3 y I a4 = pure white. 

9 Y i A = transition colors (small amount of anthocyanin on yellow 
background). 

3Yia yellow. 

3 yiA pale yellow. 

lyia pale yellow. 


S controls the amount of anthocyanin. In the presence of its recessive allele s 
much less anthocyanin is formed. One, possibly two, as yet unidentified 
genes modify the effect of S-s. 

R determines the kind of anthocyanin. The dominant allele causes the pro- 
duction of cyanin resulting in crimson or dark red flowers, whereas its re- 
cessive allele r causes the production of pelargonin only, resulting in bright 
red or scarlet flowers. 

M determines the number of sugar molecules attached to the anthocyanin 
molecule. With the dominant allele there are two sugar molecules at- 
tached whereas in the presence of the recessive allele m only one sugar 
molecule occurs. y 

The number of sugar molecules attached to the anthocyanin has a marked 
effect on the anthocyanin. For instance, M with r changes the color from bright 
red or scarlet to deep pink and M with R changes crimson or dark red to magenta- 
purple. In general, it may be said that the addition of the second sugar molecule 
has a bluing effect on the anthocyanin color. It has no visible effect on the 
anthoxanthin. 

At least five genes are concerned with the different types of flower variega- 
tion in the carnation. Four of these appear to be multiple alleles with genes for 
self-color. They are: 

y" causes limited amounts of anthocyanin to be produced under favorable 
conditions. This anthocyanin occurs as a tinge or flush on white back- 
ground. This type has been termed flushed. 

#r with @ causes broad, indefinite, randomly distributed stripes of ivory 
anthoxanthin on yellow ground, and with A similar stripes of anthocyanin 
on colors of the transition series. This variegation has been termed random 


broad. 
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a" causes narrow, definite, randomly distributed stripes on white or yellow 

background. This variegation has been termed random narrow. 

s*°” causes sporadic, irregular striping on any member of the s series (salmon, 

light pink, lavender). 

Pic causes a definite variegation pattern, picotee, in the presence of # or 

ae". The recessive allele pic probably has no visible effect. 

The results indicate that more multiple alleles of these genes concerned with 
flower variegation exist, or that their action is influenced by modifying genes. 

All of the genes for flower color appear to be concerned also with the general 
vigor of the plants, for the recessives were, on the average, somewhat less vigorous 
than the corresponding dominants, and multiple recessives were definitely weaker 
than the multiple dominants. 

The gene I seems also to be directly involved in the development of the cuticu- 
lar waxy material responsible for the “bloom” or glaucousness of the leaves and 
stems, as plants with # are quite deficient in this respect. The gene M or genes 
associated with it appears to be able partly to make up this deficiency caused by i. 
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EXPLANATION OF PLATE 
PLATE 9 
Dianthus caryophyllus 
Fig. 1. Pure white. 
Fig. 2. White flushed red toward center. 
Fig. 3. Flushed red toward edges. 
Fig. 4. Evenly flushed, 


Figs. 5 & 6. Random narrow variegation. 
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EXPLANATION OF PLATE 


PLATE 10 


Dianthus caryophyllus 


Strong crimson picotee pattern on white background. 
Light picotee pattern with some random narrow stripes. 
Strong red picotee pattern on orange background. 
Random broad red stripes on orange background. 


Salmon-red variegation in left third of salmon flower (CHARM). 
Individual petals from flower in fig. 5 
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